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QUALITY OF WATER OF THE GILA RIVER BASIN ABOVE
COOLIDGE DAM, ARIZONA

By Joan D. Hem

ABSTRACT

Gila River and its tributaries above Coolidge Dam drain an area of 12,890 square
miles in southwestern New Mexico and southeastern Arizona. The basin is a
part of the Basin and Range physiographic province and contains two important
irrigated valleys, the Duncan-Virden Valley in Arizona and New Mexico and the
Safford Valley in Arizona. Between 1940 and 1944 many samples of surface and
ground waters in the basin were collected and analyzed, and nearly 4,000 of these
analyses are tabulated in this report.

These analyses show that the chemical character .and concentration of the
water in Gila River change greatly from the headwaters of the river in New
Mezxico to Calva, Ariz., at the head of the San Carlos Reservoir behind Coolidge
Dam. Above the mouth of Blue Creek near Virden, N. Mex., the river water is
‘of low mineral content and contains mostly calcium and bicarbonate. Irrigation
return flow and other ground-water inflows in the Duncan-Virden Valley cause
gignificant changes in the chemical character of the river water at low flow, and
at the gaging station at the bridge on United States Highway 666 south of Clifton,
Ariz., the mineral content is appreciably higher than that of the river water at
the mouth of Blue Creek.

Ground water in most of the Duncan-Virden Valley is low in dissolved matter,
but in the central part of the valley near Duncan there are ground waters with
concentrations of as much as 5,000 parts per million of dissolved solids. The dilute
waters contain mostly caleium and bicarbonate, and the waters of higher con-
centration contain increased amounts of sodium, sulfate, and chloride.

In the eanyon section between the bridge on United States Highway 666 and the
mouth of Bonita Creek the river is joined by three important tributaries. Of
these, the first and largest is San Francisco River, which contributes water con-
taining considerable amounts of sodium and chloride. As a result of the inflow
from San Francisco River the water of Gila River at the mouth of Bonita Creek
contains much more sodium and chloride than it does at the bridge on United
States Highway 666. There are some inflows to the river in the canyon section
from ground water, but they are small and influence only slightly the chemical
character of the river water. The water contributed to the river by Eagle Creek
and Bonita Creek is low in mineral content and contains mostly calcium and
bicarbonate.

Shallow ground waters along San Francisco River at Clifton are highly mineral-
ized, and the Clifton Hot Springs contribute a large amount of sodium and
chloride to the water of San Francisco River in Clifton. Water from the springs
contains about 9,000 parts per million of dissolved matter, consisting chiefly of
sodium and chloride with considerable amounts of calcium. Their flow has been

1



2 WATER OF GILA BASIN ABOVE COOLIDGE DAM

estimated at a maximum of 2.9 second-feet in August 1941 and June 1943 and a
minimum of 0.9 second-foot in August 1944. Ground waters sampled eleswhere
in the basins of San Francisco River, Eagle Creek, and Bonita Creek were low
in concentration and contained chiefly calcium, magnesium, and bicarbonate.

San Simon Creek flood waters are likely to contain 500 %o 900 parts per million
of dissolved matter, consisting chiefly of sodium, bicarbonate, chloride, and
sulfate. Water obtained from deep artesian wells near the town of San Simon is
low in mineral content, with dissolved solids in most instances between 200 and
300 parts per million. In the western part of the artesian area near San Simon
the waters contain mainly sodium and bicarbonate. East and southeast of San
Simon the waters contain more calcium. Near the lower end of the San Simon
Basin ground waters from deep wells contain about 1,000 parts per million of
dissolved solids, mainly sodium and chloride. In most of the San Simon Creek
Basin the ground waters contain more than 1.0 part per million of fluoride, and
near the town of San Simon some of the ground waters contain more than 20
parts per million of fluoride.

Below the mouth of Bonita Creek Gila River enters the Safford Valley, in
which large amounts of water are diverted for irrigation, and much water enters
the river in this reach as ground-water and surface-water return flow. Weighted
average analyses for the year ended September 30, 1944, show that the river water
at the gaging station near Solomonsville at the head of the valley contained an
average of 454 parts per million of dissolved matter, consisting mostly of sodium,
calcium, bicarbonate, and chloride, and at Bylas, near the lower end of the
valley, the river water contained an average of 957 parts per million of dissolved
matter, consisting mainly of sodium and chloride. The total loads of salts
carried by the river at these two stations during the year were 84,100 tons near
Solomonsville and 105,000 tons at Bylas. The increases in the concentration and
total load of dissolved solids of the river in the valley are caused by inflows of
highly mineralized ground water, some of which represent return flow from irri-
gated lands and some of which represent ground-water inflows that have no con-
nection with irrigation in the valley. The main zones of ground-water inflow
to the river are in the vicinity of Pima and near Fort Thomas.

Wells in the Safford -Valley at depths of less than about 100 feet draw water
from the Recent alluvium in the valley, and the deeper wells obtain water, usually
under artesian pressure, in the underlying older valley fill.* Most of the samples
obtained in the area were from shallow wells, and analyses of these samples in-
dicate that the concentrations of water in the alluvium in the. valley range from
less than 200 parts per million along Black Rock Wash to more than 10,000 parts
per million along the river southeast of Fort Thomas. In most places the con-
centration of the ground water is more than 1,000 parts per million of dissolved
solids, consisting mostly of sodium and chloride. The more dilute waters contain
chiefly calcium and bicarbonate. Waters from the older fill generally are more
highly mineralized than those from the alluvium and contain a higher proportion
of sodium and chloride.

Many of the surface and ground waters of the basin are too highly mineralized
to be satisfactory supplies for industrial uses. In parts of the basin, particularly
in the lower Safford Valley, the ground waters are too highly mineralized to be
used for domestic supplies, and in many places in the basin the ground waters
contain too muech fluoride to be good drinking waters. The surface waters of
the basin are rather highly mineralized at times but are generally satisfactory
for irrigation, and only in a few areas, mostly in the lower part of the basin, have

*QOlder valley fill is of Tertiary and Pleistocene age,
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the surface waters caused any accumulation of soluble salts in the soils on which
they have been used. In recent years, however, there has been a large and in-
creasing amount of pumping from shallow ground water to supplement the sup-
plies of surface water available for irrigation in the Duncan-Virden and Safford
Valleys. Much of the ground water pumped in the Safford Valley is so highly
mineralized that it would ordinarily be considered unfit for irrigation, and the
continued use of large amounts of highly mineralized ground water in the valley
may result in damage to crop land.

INTRODUCTION
HISTORY, SCOPE, AND PURPOSE OF THE INVESTIGATION

The investigations of quality of water upon which this report is
based were begun in the summer of 1940. They were made in connec-
tion with studies of water resources of the area conducted by the
United States Geological Survey, under the direction of S. F. Turner.
Cooperative funds were furnished by the Arizona State Land Com-
mission, the Corps of Engineers, and the Office of Indian Affairs. A
branch laboratory was established in Safford, Ariz., in July 1940, and
samples of water collected during the work in the area were analyzed
there until the investigation was curtailed in June 1942. A few sam-
ples collected in 1942 and 1943 were analyzed in the Geological Survey
laboratory in Roswell, N. Mex.

Work was resumed in the basin by the Geological Survey in April
1943 with funds supplied by the Defense Plant Corporation to study
the effects on water supply of bottom-land vegetation in the lower
Safford Valley and the practicability of providing an additional supply
of water for the basin by removal of at least'a part of the dense bottom-
land growth. This investigation was of a highly specialized nature,
and only a part of the Gila River Basin above Coolidge Dam was
studied. The Safford laboratory was reestablished in June 1943 and
operated until the end of 1944, when the investigation was discon-
tinued. '

The analyses of samples collected between January 1, 1940, and
December 31, 1944, are tabulated in this report, and brief discussions
are given of the analyses and of some of the more important quality-
of-water problems in the basin. These analyses may be helpful in
the consideration of present or proposed future uses of water in the
basin. More comprehensive discussions of special phases of quality
of water in lower Safford Valley, relating particularly to effects of
plant growth, are included in a report! covering work done in the
area in 1943 and 1944 by the Geological Survey.

1 Gatewood, J. 8., Robinson, T. W., Colby, B. R., Hem, J. D., and Halpenny, L. C., Use of water by
bottom-land vegetation in lower Safford Valley, Ariz.: U. S. Geol. Survey Water-Supply Paper 1103, 1950.
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LOCATION AND DESCRIPTION OF THE AREA
PHYSIOGRAPHY

The area considered in this report is sometimes referred to as the
upper Gila River Basin. It includes an area of 12,890 .square miles
in southwestern New Mexico and southeastern Arizona drained by
Gila River and its tributaries above Coolidge Dam. This area repre-
sents about one-fifth of the entire Gila River Basin.

The northeastern half of the area covered in this report is mostly
rugged and mountainous, with occasional peaks having altitudes of
nearly 11,000 feet. At the New Mexico-Arizona State line the river
bed is at an altitude of about 3,800 feet. The remainder of the basin
has topography typical of the Basin and Range physiographic prov-
ince, of which it is a part. It has wide and comparatively flat valleys
between narrow but rugged mountain ranges trending generally in a
northwest-southeast direction. The river has cut narrow canyons
through these mountain ranges in passing from one valley to another,
and it is in such a canyon, in the Mescal Range, that Coolidge Dam has
been built to store water for irrigation of land along the river below.
The lowest point in the area covered by this report is at Coolidge
Dam, where the altitude of the river bed is 2,310 feet.

After flowing through an extensive series of canyons and small
valleys in the mountains of southwestern New Mexico, Gila River
enters the first of the major valleys near the mouth of Blue Creek,
in the southwestern corner of Grant County, N. Mex. The irrigated
portion of this valley is known locally as the Duncan-Virden Valley,
from its two principal settlements, and is a part of the structural
trough that extends from the vicinity of Clifton, Ariz., southeastward
to the vicinity of Lordsburg, N. Mex. The valley is bounded on the
south by & few small hills and an indefinite alluvial divide. On the
north and east is Steeple Rock Mountain and on the west the Pelon-
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cillo Mountains. The river flows through this valley for about 40
miles and enters a series of canyons cut in the northern end of the
Peloncillo Mountains about 6 miles above the gaging station at the
bridge on_United States Highway 666 south of Clifton, Ariz. In
the canyon section below the bridge the river is joined by three major
tributaries, San Francisco River, Eagle Creek, and Bonita Creek,
which drain mountain areas to the north. About 2 miles below the
mouth of Bonita Creek, Gila River emerges into another large valley
through which it flows for more than 80 miles to Coolidge Dam. In
this valley Gila River is joined by two major tributaries, San Simon
Creek and San Carlos River, and for convenience of discussion in this
report this valley has been considered in three parts. The first part,
the area drained by San Simon Creek, is bounded on the east by the
Peloncillo Mountains and on the west by the Chiricahua, Dos Cabe-
zas, and Pinaleno Mountains and is referred to as the San Simon
Valley. The second part is the area drained by Gila River between
the mouth of Bonita Creek and the Southern Pacific Railroad bridge
at Calva and is bounded on the northeast by the Gila Range and on
the southwest by the Pinaleno, Santa Teresa, and Turnbull Moun-
tains. The irrigated portion of the area is locally referred to as the
Safford Valley. The third area is drained by San Carlos and Gila
Rivers and is bounded on the northeast by the Gila Range and by
the Mescal, Hayes, and other ranges on the southwest, west, and
north. This area is occupied in part by the San Carlos Reservoir.
The general geographic features of the area covered by this report
are shown on plate 1, a map of the entire Gila River Basin above
Coolidge Dam. For the Safford Valley, where the most intensive
studies were made, a large map (pl. 2) was prepared on a scale of 2
miles to the inch.

POPULATION

The population of the badin in 1944 was estimated to be about
40,000. This indicates a population density of about three persons
to the square mile, but there are large areas in the basin that are
entirely without permanent lhuman habitation. The population is
largely concentrated in areas where land can be irrigated or where
there are large mines and processing plants to extract metals from
the ores. The largest incorporated town in the basin in 1944 was
Safford, with a population of about 3,500. The mining town of
Morenci, with a population of 5,000 or more, was not incorporated.
The adjoining town of Clifton had a population of about 2,500,
and Duncan, principal settlement in the valley bearing its name, had
about 1,000 inhabitants in 1944. Other important but smaller settle-
ments included Bowie, San |Simon, and Rodeo in the San Simon
Valley, and Solomonsville, Thatcher, Pima, and Fort Thomas in the
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Safford Valley. Except for widely scattered ranches and small
mining operations and the Indian settlements on the San Carlos
Reservation, the remaining population of the basin is located mainly
on farms in districts where water is available for irrigation. |

- TRANSPORTATION

The north or old main line of the Southern Pacific Railroad from El
Paso to Tucson passes across the upper end of the San Simon Valley
through the towns of San Simon and Bowie, and the south line,
formerly the El Paso Southwestern, now a part of the Southern Pacific
gystem, crosses the basin at Rodeo, N. Mex. From Lordsburg, N.
Mex., a branch railroad extends northwestward into the basin to
Duncan from where it extends down the lower part of the Duncan-
Virden Valley and up the foothills to Clifton. Another branch line
leaves the main line at Bowie and extends northwestward to Safford,
from where it goes down the Safford Valley into the San Carlos Indian
Reservation and crosses the San Carlos River Valley to Globe and
Miami.

United States Highway 70, a heavily traveled paved route, crosses
the basin from Lordsburg, passing through Duncan and Safford to
Coolidge Dam. United States Highway 80 and Arizona State High-
way 86, which are paved, cross the San Simon Valley. United States
Highway 666, which is a graveled road for most of its length, crosses
the basin from north to south, passing from Alpine, Ariz., at the
northern edge of the basin, through Clifton and Safford and reaching
Arizona State Highway 86 near Bowie, which it follows out of the
basin. United States Highway 260, a graveled and paved route,
connects Alpine, Ariz., with Silver City, N. Mex., passing through
the mountainous part of the drainage basin in New Mexico. Arizona
State Highway 75, which is paved, connects Clifton and Morenci
with United States Highway 70 at Duncan. Other improved roads,
some of which are designated as State highways, provide communica-
tion in other parts of the basin. However, in many of the moun-
tainous or thinly settled regions the few existing roads are poor and
at times almost impassable for automobiles.

HISTORY AND DEVELOPMENT

Probably the first white man to visit the basin was Fray Marcos
de Niza, Spanish explorer and missionary, who is reported to have
come to this part of Arizona in 1539. Coronado’s expedition of 1540
entered the basin from the San Simon Valley, passing down it to
Gila River, up Gila and San Francisco Rivers past the present site
of Clifton, and into New Mexico. The area was visited by many
traders, explorers, and missionaries in subsequent years. Part of it
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was ceded to the United Stat

7

es in 1848 after the Mexican War, and

the southwest portion, south of Gila River, was included in the

Gadsden Purchase of 1853.

Shortly after the Civil War valuable

mineral deposits were found near Silver City, N. Mex., and in 1870
prospectors found rich copper and placer gold deposits in the area

farther to the west near wher
Clifton has been the scene ¢
time, and the Clifton-Morenci
copper-producing areas in the

The first irrigation of land
Mexican immigrants and Morx
later irrigation was begun in t
irrigated with river water in
remained about constant. In
Valley and about 8,000 acres
gated with water from Gila R
in other parts of the basin ¥
water obtained from deep flo
wells.

Cotton and alfalfa are the
kinds are also grown, especid

e Clifton now stands. This region near

f extensive mining activity since that
district is now one of the most important .
United States.

in the basin was begun about 1872 by
mon pioneers in the Safford Valley, and

he Duncan-Virden Valley. The acreage
creased until 1920 and since then has

1944 about 32,500 acres in the Safford
in the Duncan-Virden Valley were irri-
iver. In addition, small scattered areas
vere irrigated by surface waters or by
wing wells or pumped from nonflowing

principal crops. Vegetables of various
lly in the Duncan-Virden Valley, and

corn and small grains and fr

its are raised to some extent.

CLIMATE|  AND VEGETATION

The climate of the basin ranges from cool and subhumid in the
higher mountain ranges to warm and arid in the valleys. In the
mountains above an altitude of approximately 7,000 feet snow is
common from November to April, and the total annual precipitation
may exceed 20 inches. There pine and other commercially valuable
timber grow thickly. In the valleys climate and vegetation are very
different from those of the mountains. At Thatcher, which is at an
altitude of 2,800 feet, the mean annual temperature is 62.5°, snow-
fall is rare, and the annual precipitation averages 9.5 inches. The
frost-free period averages 203 days a year. At the lower altitudes
the native vegetation is typical of southern Arizona desert regions;
creosotebush, yucca, mesquite, pricklypear, cholla, barrel cactus, and
ocotillo are prevalent. The sahuaro or giant cacus is common in the
lower part of the basin and reaches its northeastern limit in a grove
on a group of basalt hills about 5 miles north of Fort Thomas. Juni-
per and live oak and some grasses occur at altitudes of 5,000 to 7,000
feet, and after rainy periods annual grasses spring up in the valleys.
Along Gila River and its tributaries where water is plentiful, cotton-
wood, willow, and sycamore| trees are found. Some bottom-land
areas are covered by growths of batamote: Saltcedar (Tamariz
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gallica) has been introduced into the basin within the past 40 years,
and large areas in the bottom land that once were barren or covered
by native growth are now occupied by saltcedar. This plant thrives
in the area and has grown up in dense junglelike thickets.

RAINFALL AND RUNOFF

The precipitation in the basin falls during two rather poorly defined
seasons. Generally most of the rain is received in the form of violent
local thunderstorms from July to September, and slower rains which
may last several days occur at times during the winter months from
December to March. These slower rains generally bring increased
amounts of moisture to higher altitudes, often in the form of snow.
Little rain falls from April to June.

Because of high evaporation rates and use of water by vegetation,
only a very small percentage of the precipitation in the drainage basin
reaches Gila River as runoff. Tlie summer storms, however, are often
violent and cause sudden flash floods in dry waslies in local areas and
at times cause sudden and large changes in discharge of the river.
It is only during unusually wet winter seasons that large amounts of
runoff originate in the high mountains, but it is generally in such
seasons that the largest flood flows in Gila River and the largest inflow
into the San Carlos Reservoir occur. The volume of the summer
floods is generally not large, because the high flows are of short dura-
tion. Total runoff from the basin varies widely from year to year.
Maximum annual discharge of Gila River recorded at or near the
present site of Coolidge Dam from 1901 to 1944 was 1,760,000 acre-
feet in 1915. Minimum annual discharge up to 1929, the year when
storage in San Carlos Reservoir began, was 65,900 acre-feet; this
occurred in 1922. A peak flow of about 130,000 second-feet was
recorded near the dam site on January 20, 1916.

LAND USE

Attempts to dry-farm parts of the basin and adjoining areas have
been made but have been unsuccessful because of thie low rainfall in
most of the basin. Where sufficient water is available and the soil
fertile, most crops grow very well. In areas where water is not avail-
able for irrigation the land is used for grazing, but as a result of re-
curring drought and over grazing there is not sufficient forage on
most of the land to support large numbers of animals. In some parts
of the basin the scarcity of water for livestock curtails use of range

land.
GEOLOGIC STRUCTURE

The geology of the northern and eastern parts of the Gila River
Basin above Coolidge Dam has been studied in detail only in the
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rather small areas comprising the important mining districts. The
geologic maps of the States of Arizona and New Mexico which have
been published by the Geological Survey indicate that the rocks
exposed in most of the upper part of the basin are of volcanic origin.
The rocks include lavas of various types and pyroclastic’ deposits,
such as breccias, tuff, and voleanic ash.

The geology of the Safford and Duncan-Virden Valleys and of the
San Simon Valley is discussed in previous reports.? The following
brief summary of the geologic conditions in these parts of the basin
is based on these more detailed reports.

The Safford, San Simon, and Duncan-Virden Valleys are of struc-
tural origin and came into existence in the Tertiary period as a result
of extensive faulting. The large undrained depressions that resulted
from these disturbances were filled, in some places to a depth of more
than 1,000 feet, with sediments derived from the surrounding high-

lands. The coarser materials were dropped near the outer edges of

LOCATION AND DESCRIPTION OF THE AREA
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the valley fill. Two main terraces generally separated by scarps were
formed in the Safford Valley, A trough varying in width from a
quarter of a mile to nearly 3 miles was excavated by the river below
the lower terrace in the major river valleys and was later filled to a
depth of 100 feet or less with alluvium deposited by the river and its
tributaries. The cultivated portions of the Safford and Duncan-
Virden Valleys are underlain by this Recent alluvium. The present
river flood channel has been cut in the Recent alluvium ahd is a quarter

of a mile to half a mile wide
narrower in the Duncan-Virdez
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2 Turner, S. F., and others, Water resources
50 pp., U. S. Geol. Survey, 1941,
offices of Geological Survey at Phoenix, Safford,

in most of the Safford Valley but is
n Valley. Gila River itself is not erod-
irts of the basin at present, but San

of Safford and Duncan-Virden Valleys, Ariz. and N. Mex.,
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Simon Creek and some of the other tributaries are actively attacking
them.

Water-bearing beds of major importance in the valleys include
tongues of sand and gravel in the Tertiary and Pleistocene valley-fill
deposms and lenses of sand and gravel i in the Recent alluvial fill along
the river and its tributaries.

PREVIOUS INVESTIGATIONS

A number of published reports contain data on the chemical charac-
ter of surface and ground waters of the basin. Schwennessen ® in-
vestigated the San Simon Valley and the San Carlos Indian Reserva-
tion within the basin, and his reports contain analyses of ground
waters and of a few surface waters in these areas. Knechtel ¢ studied
the Gila and San Simon Valleys in Graham County, and his report
contains a considerable number of -analyses of ground waters from
the Safford Valley and from the San Simon Valley. A few other analy-
ses of water samples from the area are contained in earlier Geological
Survey publications. Moderately detailed analyses of samples col-
lected in 19056 from San Francisco River at Alma, N. Mex., and
from Gila River a short distance above the present site of Coolidge
Dam have been published.® It is likely that development of the
basin and increases in the amount of water used for irrigation have
changed conditions in the area so much that the analyses for Gila
River near San Carlos for 1905 and 1906 do not represent present
conditions.

Analyses for most of the surface-water samples collected in the
area since 1940 have been published.® They have been briefly sum-
marized in the present report, and many additional surface-water
analyses have been included which have not been published before.
Some of the analyses of ground waters have been released in mimeo-
graphed form,” and are repeated in this report.

Results of studles made by the Geological Survey in the Safford
and Duncan—Vlrden Valleys between 1939 and 1942 are outlined in

3 Schwennessen, A. T., op. cit.; Geology and water resources of the Gila and San Carlos Valleys in the
San Carlos Indian Reservation, Ariz.: U. S. Geol. Survey Water-Supply Paper 450-A, 1921.

4 Knechtel, M. M., op. cit.

% Stabler, Herman, Some stream waters of the western United States: U. 8. Geol. Survey Water-Supply
Paper 274, pp. 40-42, 118-120, 1911,

¢ Quality of surface waters of the United States: U. 8. Geol Survey water-supply papers beginning with
1941. (Nos. 942, pp. 62-64; 950, pp. 46-47; 970, pp. 148-167; 1022, pp. 227-241, 249-275, 278-305; 1030, pD.
320-322, 325-326, 329.)

7 Morrison, R. B., McDonald, H. R., and Stuart, W. T., Safford Valley, Graham County, Ariz., Records
of wells and springs, well logs, water analyses, and maps showing locations ofwells and springs, 102 pp.,
U. 8. Geol. Survey and Arizona State Water Comm., 1942. [Mimeographed.] Morrison, R. B., and
Babcock, H. M., Duncan-Virden Valley, Greenlee County, Ariz., and Hidalgo County, N. Mex., Records
of wells and springs, well logs, water analyses and map showing loeations of wells and springs, 29 pp., U. 8.
Geol. Survey and Arizona State Water Comm., 1942, [Mimeographed.]
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a mimeographed report,® which contains some analyses of surface-
water and ground-water samples and & brief discussion of the quality
of water of the area.
The more detailed investigations in lower Safford Valley that were
conducted in 1943 and 1944 are described in another report,® which
contains discussions of the relation of bottom-land growth to quality
of water in the area and has only the few analyses that were parti-
cularly useful in the problems considered in that investigation.
During 1946 further investigations were made by the Geological
Survey in four parts of the Gila River Basin above Coolidge Dam in
Arizona in connection with a State-wide investigation of ground-water
basins. The results of these studies are summarized in mimeographed
reports,’® each of which contains a few analyses of typical ground
waters and a brief discussion of the quality of water in the area
covered.
The present report contains more than 3,000 analyses made from
1940 to 1944 which have never been published. No results of the
1946 studies are included, but jonly a comparatively small number of
samples were collected that year in the Gila River Basin above
Coolidge Dam.

METHODS OF QUALITY-OF-WATER INVESTIGATION
NUMBER AND FREQUENCY OF SAMPLES

SURFACE WATER

For a detailed study of the quality of the water resources of a large
area such as the upper Gila Basin it is necessary that a large number
of samples from many sources be collected and analyzed. This is
especially true when reliable information concerning the quality of
surface waters is desired, because the amounts and kinds of mineral
matter carried in solution by & stream at any point may vary from
time to time. The magnitude of the variations depends upon the
magnitude and rate of changes in stream flow, nature of the rocks
exposed in the drainage basin,|and, to some extent, upon the ground
water inflow and waste disposal into the stream. A single sample
from a stream is not likely to show accurately the chemical character
of water that might pass the sampling point over a long period of
time. The variation in quality of water carried by Gila River is

8 Turner, 8. F., and others, op. cit.

% Gatewood, J. 8., Robinson, T. W., Colby, B. R., Hem, J. D., and Halpenny, L. C., op. cit.

10 Halpenny, L. C., Babcock, H. M., Morrispn, R. B., and Hem, J. D., Ground-water resources of the
Duncan Basin, Ariz., U. S. Geol. Survey, 1946, [Mimeographed.] Turner, 8. F., and others, Ground-
water resources and problems of the Safford Basin, Ariz., U. 8. Geol. Survey, 1946. [Mimeographed.]
Cushman, R. L., and Jones, R. 8., Geology and ground-water resources of the San Simon Basin, Cochise
and Graham Counties, Ariz., U. 8. Geol. Survey, 1947. [Mimeographed.] Halpenny, L. C., and Cushman,
R. L., Ground-water resources and problems of the Cactus Flat-Artesia area, San Simon Basin, Ariz.,

U. 8. Geol. Survey, 1947. [Mimeographed.]
879751—50——=2
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particularly large, with maximum concentrations due to large amounts
of inflow of rather highly mineralized ground waters and with mini-
mum concentrations due to flood inflows of surface-water runoff

The extent of the variations in concentration of Gila River waters
at Safford is shown in figure 1. In this illustration the chloride con-
centrations of daily samples collected during September 1944 are
plotted with daily mean discharges of the river at Safford. The wide
range in chloride content during the month shows clearly the need
for frequent sampling. In general, the lowest concentrations at
Safford occur at times of flood flows, and highest concentrations occur
at times of low flow.

Investigations made by the Geological Survey to determine the
chemical character of surface waters provide for the collection of
daily samples at several points along the streams being studied.
These samples are analyzed to supply a maximum amount of infor-
mation with a reasonable expenditure of time and money. One con-
stituent or characteristic generally is determined for each of the daily
samples, and the remaining water is then combined into a series of
composite samples for each sampling station. The usual procedure
is to have a composite sample for the first 10 days of a month, a
second composite for the second 10 days, and a third composite for
the remaining 8 to 11 days of the month. A complete analysis is
made for each composite sample. By continuing the collection of
samples at a point for a period of years, it is possible to obtain a reason-
ably complete set of figures for the quality of water of the stream, under
the conditions at that point. The analyses of river water are signi-
ficant only when they can be correlated with stream flow at the
sampling point. For this reason it is desirable to collect river samples
at or near a gaging station where stream-flow records are collected.

A program of daily sampling of Gila River at Safford was begun in
August 1940. This sampling station was maintained continuously
until November 20, 1944. Discharge records for the river at Safford
were obtained by the ground water branch until July 1942 and subse-
quently by the surface water branch. In June 1943 daily sampling
of Gila River was begun at the gaging stations near Solomonsville
and Bylas and on San Francisco River at Clifton. The sampling at
Bylas and Solomonsville was continued to December 1944 and that
at Clifton to October 1944. A summary of the records obtained as
a result of these programs is included in this report and provides a
basis for an evaluation of the quality of surface waters of the basin
in the areas where they are most extensively utilized. Additional
information was obtained for Gila River, including diversions and
tributaries, in part of the basin by systematic sampling at less frequent
intervals at temporary gaging stations in Safford Valley and at various
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F1euRE 1.—Daily chloride concentration and daily mean discharge of Gila River at Safford, Ariz.

points in the basin where stream flow was measured in 1940, 1941,
1943,and 1944. The analyses tabulated in this report provide detailed
information on the quality of most of the surface waters of the basin.
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GROUND WATER

In a careful study of quality of ground waters in an area it is neces-
sary to collect and analyze a large number of samples from many
different sources. It is essential that these samples be taken so that
they represent the ground water in the formation that supplies the-
- well or spring. When a well is sampled it is desirable to obtain the
sample directly from the well discharge, after sufficient water has been
removed to insure that it is coming directly from the aquifers that.
supply the well. In numerous instances where it is necessary to sample
an unused well that is not equipped with a pump and the sample is
obtained by bailing, this sample may be contaminated by inflow of
surface drainage or may have been altered in composition by standing
for a long time in contact with the well casing.

Although a ground-water source usually yields water of practically
constant composition for long periods, it is sometimes desirable to
collect additional samples from some ground-water sources from time
to time to detect and follow changes in concentration and chemical
character. A number of.ground-water sources in the basin were
sampled several times between 1940 and 1944, and in 1943 and 1944
about 75 observation wells in the lower Safford Valley were sampled
at bimonthly intervals. Analyses of these samples-indicate the extent -
to which changes may occur in the chemical character and concen-
tration of ground water from single sources. In some of the observa--
tion wells the changes were rather large. The extent of fluctuations.
in concentration for three observation wells in Safford Valley is shown
in figure 2. The illustration also shows the changes in elevation of
the water table that occurred during the period of sampling. There
is little correlation between changes in concentration and changes in
water level for these wells. In contrast to the analyses shown in
figure 2, the changes in concentration observed in samples from deeper
wells and those half a mile or more from the river were usually small.

METHODS OF ANALYSIS

After their receipt in the laboratory, surface-water samples were
allowed to stand until all suspended matter had settled. The specific-
conductance of each daily sample was then determined. The specific
conductance of a water is directly related to the total concentration
of dissolved mineral matter in the water. The determination is made
by drawing up a portion of the water sample into a standard cell
equipped with two fixed platinum plates between which an alternating -
current is passed. The resistance of the water to the passage of
the current is measured by means of a Wheatstone bridge and corrected
for temperature. The reciprocal of this corrected resistance is the-
specific conductance in reciprocal ohms. The figure is multiplied by -
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the factor 10° to eliminate inconvenient decimals and is reported as

specific conductance (K-10° at 25° C.).

Although it provides a useful

indication of the total amount of dissolved matter present in a water
sample, this determination gives no specific information as to exact
amounts of any given constituent that is present. For
the results are of value chiefly in showing changes in concentration of

this reason
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the dissolved solids of the water from a certain source and in deter-
mining the procedure that should be followed in making up composite
samples.

When changes in concentration of dissolved matter in the stream
occur, it is desirable to make the composites in such a way as to show
the extent and nature of the change that occurred, and a composite
period is selected so as to include in the composite sample only those
daily samples for which the maximum daily concentration as measured
by the conductance is less than twice the minimum daily concentra-
tion. At some of the daily sampling stations in the area the varia-
tions in concentration from day to day are very large during periods
of varying flow, as shown by figure 1.

For most of the composites of daily river samples complete analyses
were made, including the following determinations: residue on evap-
oration, loss on ignition, silica, iron, calcium, magnesium sodium,
potassium, alkalinity as carbonate and bicarbonate, sulfate, chloride,
fluoride, nitrate, and borate. Dissolved solids was calculated from the
sum of the determined constituents. Total (_hardness, noncarbonate
hardness, and percent sodium were computed. Similar analyses were
made for a few samples of ground waters that were representative of
the type of water occurring in large parts of the basin. These com-
plete analyses showed the proportions of the various constituents
present in surface waters of the basin under different conditions of
flow and in a general way the chemical character of much of the ground
water of the basin. To supplement these data many samples of
surface waters and ground waters were analyzed less completely, all
significant constituents being determined except sodium and potas-
sium, which was calculated as sodium., Many samples were collected
from miscellaneous surface sources and from observation wells for the
purpose of following changes in concentration, and for such samples
the only determinations made were of those constituents and charac-
teristics which showed the greatest change, such as conductivity,
alkalinity, chloride, sulfate, and hardness.

Analytical procedures followed in all instances were those com-
monly used by the Geological Survey.!

EXPRESSION OF RESULTS

In general the water analyses in this report are expressed in terms of
parts by weight of dissolved matter per million parts of water. Prob-
ably most users of quality-of-water data are more familiar with
this form of expression than with any other. However, the expression
of a chemical analysis in such a manner has a basic disadvantage for

11 Collins, W. D., Notes on practical water analysis: U. S. Geol. Survey Water-Supply Paper 596-H,
1928.
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certain uses in that equal concentrations of the various constituents
are not chemically equivalent. Sometimes it may be desirable to
express all constituents of a water in such a manner as to avoid this
difficulty. When a water analysis is reported in terms of equivalents
per million, a unit of any constituent is chemically equivalent to a
unit of any other constituent. Parts per million may be converted
to equivalents per million by dividing the concentration value in
parts per million by the equivalent weight of the constituent. Instead
of dividing by the equivalent weight it is generally more convenient
to multiply by its reciprocal as given in the following list of factors
for converting analyses in parts per million to equivalents per million:

Calcium__________._ 0. 0499002 Sulfate____________ 0. 0208190
Magnesium________ . 0822368 Chloride. . .. ______ . 0282032
Sodium___________ . 0434839 Fluoride_ ... ___.__ . 0526316
Potassium_________ . 0255781 Nitrate_. . .- ____.__ . 0161270
Bicarbonate. . __.__ . 0163886

Analyses shown graphically in this report are expressed in equivalents
per million.

In the tables of analyses in this report specific conductance is
reported in reciprocal ohms multiplied by 10° Percent sodium is
computed by dividing 100 times the equivalents per million of sodium
in the water by the sum of the equivalents per million of calcium,
magnesium, sodium, and potassium present. Concentrations of dis-
solved solids are expressed both in parts per million and tons per
acre-foot. All other constituents are reported in parts per million.

Annual weighted average analyses have been computed for river
stations where samples were taken daily and for which discharge and
sampling records are available for a year or more. These averages
were computed by multiplying the determined quantity of each con-
stituent of each composite sample by the discharge of the stream for
the period of the composite and dividing the sum of these products
by the sum of the discharge values for the year. The weighted aver-
age analysis represents approximately the composition of all the water
that passed the gaging station during the year, had the water been
collected in a large reservoir and thoroughly mixed. Because equal
volumes of each sample were used in making up the composites, these
composites do not represent exactly the average composition of the
water passing the station in the period. However, most of this error
is eliminated by shortening the composite period in periods of widely
fluctuating discharge.

Data are included in the tables for seepage studies giving the
discharge at the sampling point and the measured amount of flow
in the diversions and inflow from surface-water and ground-water
sources for each reach of river studied. Discharge values reported
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in these tables have not been adjusted for diurnal or other changes
in flow.

For samples of ground water a description of the source of the sample
is given, including the location to the nearest sixteenth of a section
in areas which have been surveyed and, in most instances, the depth
of the well, the flow or yield on pumping, and the temperature of the
water. Observation wells driven in the bottom land in lower Safford
Valley in 1943 are identified in the tables by numbers assigned to
them according to the following system: The bottom land between
Thatcher and the San Carlos Indian Reservation was divided into
22 “zones,” each 1 mile wide and extending across the bottom land.
The boundaries of the zones corresponded to the surveyed section
lines. Within each zone wells were driven to shallow depths (gen-
erally 20 to 30 feet) spaced about 500 feet apart. The zones were
numbered from 1 to 22, starting at Thatcher, and in each zone the
wells were numbered starting with 1. The numbers finally assigned
include the zone number followed by the number of the well within
the zone. For example, observation well 19-22 is well 22 in zone 19.
A metal collar bearing the number was attached to the top of the
casing of each observation well for purposes of identification.

As a means of differentiating wells with similar location descriptions
in the tables, those put down by the United States Geological Survey
have USGS preceding the numbers. These are numbers assigned by
the ground-water branch of the Geological Survey.

The yield on pumping indicated for observation wells is of signifi-
cance mainly in indicating the condition of the well-point screen and
to some extent in indicating the water-yielding properties of the
formation supplying the well. During the investigation the well
points in certain areas in the bottom land gradually became clogged
with finely divided silt and with calcium carbonate deposited by the
ground water.

SOURCES OF DISSOLVED MATTER IN SURFACE AND
GROUND WATERS

COMMON CONSTITUENTS OF THE DISSOLVED MATTER

Water which falls as rain or snow may be considered to contain
negligible quantities of dissolved mineral matter. As soon as the
water reaches the ground, however, it begins to dissolve minerals
from rocks and soil, so that surface runoff from storms in the basin
contains appreciable, though generally small, amounts of dissolved
matter. Water that percolates through the upper layers of soil or
rock to reach the ground-water reservoir has a better opportunity to
dissolve minerals from the rock material with which it comes in
contact because its movement is slower than that of water that runs
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off the ground surface. For this reason ground waters of the Gila
River Basin normally contain more dissolved matter than the surface
waters in the same area.

Most natural waters contain calcium, magnesium, sodium, bicar-
bonate, sulfate, and chloride in appreciable amounts, but the amounts
and kinds of dissolved salts carried by surface and ground waters are
greatly influenced by the kinds of rock with which the waters have
come in contact. Some of the rock constituents are readily soluble
whereas others are dissolved very slowly. Interpretations of the
results that have been obtained in this investigation may be aided by
consideration of the types of rocks with which waters in different
parts of the basin may have come in contact and the duration of the

contact.
SOLUBLE MATTER IN HARD ROCKS

In the area above the Duncan-Virden Valley and in much of the
mountainous northern part of the Gila River Basin the rocks are
largely of volcanic origin. The surface runoff and the ground waters
in these areas normally contain small amounts of dissolved mineral
matter. This is illustrated by the low mineral content of streams
like Eagle Creek or Gila River in New Mexico, both at high and low
stages of flow. The dissolved matter in these waters consists of
calcium, magnesium, and bicarbonate for the most part, with ap-
preciable amounts of silica. In areas of this kind ground waters of
high mineral content may occur under conditions such as those at
the Clifton Hot Springs, which issue from a fault zone. The water
from such springs probably rises from a great depth, and under the
.conditions of high temperature and pressure the waters dissolve
mineral matter more readily.

Water found in areas of granitic rocks like those that occur in the
mountains southwest of the Safford and San Simon Valleys is also
likely to be of low mineral content.

Although probably most of the hard rocks exposed in the high
mountainous areas of the basin are igneous, there are areas of lime-
stone and other old sedimentary rocks that may be somewhat soluble
or may contain easily soluble material included with the sediments,
and both surface and ground waters from such areas may contain
appreciable amounts of dissolved solids.

SOLUBLE MATTER IN VALLEY-FILL DEPOSITS

Because of their manner of deposition, the Tertiary and Pleistocene
valley-fill deposits in the Gila River Basin contain in places con-
siderable amounts of soluble matter. Common salt and gypsum
occur frequently in the lake beds in the Tertiary and Pleistocene
valley fill, and in certain areas where such beds are near the surface
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storm runoff may carry eonsiderable quantities of dissolved matter,
as in the basins of San Simon Creek and Matthews Wash. As a
result of the leaching and erosion of these deposits by tributaries
and side washes, appreeiable quantities of soluble matter are brought
into Gila River each year to form part of the load of dissolved solids
carried out of the basin.

Appreciable quantities of dissolved matter also reach the river in
the discharge from the artesian wells and springs in the basin. The
water from these sources may be used for irrigation or may seep into
the Recent alluvium in the valleys without being used. In either
instance it eventually joins shallow ground water, adding to its
mineral content, and finally reaches the river as inflow. Thus it is
likely that a large part of the mineral content of the water in Gila
River passing the Calva gaging station originated from the lake-bed
deposits in the basin, particularly those below the mouth of Bonita
Creek. In general, the lake-bed deposits in the Duncan-Virden area
contain somewhat less soluble matter than those in the Safford area.
This is indicated by the lower content of dissolved matter in the
ground and surface waters sampled in the Duncan-Virden Valley.
The nature of the soluble matter also seems to be different, with
sulfates predominating in the Duncan-Virden area and chlorides
predominating in the Safford Valley.

UNUSUAL CONSTITUENTS OF THE DISSOLVED MATTER

FLUORIDE

The waters of the Gila River Basin are unusual in several respects.
One outstanding charaecteristie is the high fluoride content frequently .
found in both surface and ground waters.

GILA RIVER

It was only infrequently that any samples from Gila River contained
less than 1 part per million of fluoride. Only a few determinations
of fluoride were made for samples collected from Gila River above the
mouth of San Francisco River, but all showed concentrations of fluo-
ride of more than 1 part per million. Weighted average analyses for
the 1944 water year show that San Francisco River had a econcentra-
tion of 0.7 part per million of fluoride, and Gila River near Solomons-
ville had 1.3 parts per million. At Safford and Bylas the average
fluoride concentration ‘was about the same as at Solomonsville. It
would appear that the main source of the fluoride in the river is above
Safford Valley and is not in the San Francisco drainage area. The
waters of Eagle and Bonita Creeks contain only small amounts of
fluoride. Although the water from the Gillard Hot Springs is high in
fluoride, the flow of the springs is small, and the total quantity con-
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tributed from this source is not very significant. Only a few deter-
minations of fluoride have been made for samples collected from the
river in the Duncan-Virden Valley or above, but it seems likely from
the available information that the high concentrations of fluoride
originate above the Duncan-Virden Valley. The many hot springs
in that area probably contribute some fluoride, but as no analyses
are available the amount cannot be estimated.

Surface runoff in the area above Duncan seems to contain appre-
ciable amounts of fluoride. Even at the highest stage reached by the
river at Safford during the period of sampling, a peak flow of 33,000
second-feet on September 30, 1941, the fluoride content of the water
was 1.2 parts per million, although the total dissolved solids was only
233 parts per million, - The water of this flood originated in storm
runoff in the Gila drainage area above Duncan. Flood waters from
other parts of the basin seldom contain as much as 1 part per million
of fluoride. It seems likely therefore that dissolved fluoride minerals
are carried into the river by surface runoff and add to the concentra-
- tions of the water passing Duncan at high flows, and that ground water
inflows maintain the high fluoride content of the river water at times

of low flow.
GROUND WATERS

Analyses in this report show very high concentrations of fluoride in
ground water in certain sections of the Gila River Basin and rather
high concentrations ini most of the ground waters of the basin. High-
est concentrations of fluoride seem to occur in areas where water-
bearing valley fill was derived from rocks of a granitic type, such as
those in the Pinaleno and Dos Cabezas Mountains. These granitic
rocks may contain fluoride-bearing minerals that give up soluble
fluorides on decomposition. Because precipitation on these high
mountains contributes much of the recharge for the artesian reservoir
of the Safford and San Simon Valleys, the deeper ground waters in
these areas and other waters that have received some leakage from
artesian aquifers may contain rather large amounts of fluoride.

Generally, the volcanic rocks in the lower part of the basin yield
waters low in fluoride, but in the Duncan-Virden Valley, where vol-
canic rocks are prevalent, waters high in fluoride are common, espe-
cially the deeper ground waters. The mineral fluorite, crystalline
calcium fluoride, is mined within the basin above Duncan. Lake beds
in the Duncan-Virden Valley may have received some material eroded

from these deposits.
BORATE

During 1943 and 1944 determinations of borate were made for many
surface and ground water samples collected in the basin. In general,
the results of these determinations indicate that surface waters in the
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basin are free from excessive concentrations of borate but that large
amounts are found in ground waters of some areas, particularly in
the lower Safford Valley. The higher concentrations of borate were
found generally in water from the lake-bed formations in the older
valley fill or in the shallow ground waters that had been contaminated
with water from the underlying lake-bed formations. In most in-
stances the extremely high concentrations of borate were found in
waters of high mineralization.

Concentrations as high as 30 parts per million, of borate, expressed
as BO;, were found in ground waters in the area near the mouth of
Markham Wash in the Safford Valley in waters containing more than
6,000 parts per million of dissolved solids. However, 10 to 20 parts
per million of borate were found in some of the ground waters with
concentrations of 2,000 to 5,000 parts per million of dissolved solids
occurring near the north edge of the valley from Thatcher downstream
to the mouth of Markham Wash. Some of the higher concentrations
of both borate and fluoride were found in the part of the Safford
Valley north of Pima, and it is possible that this may indicate some -
artesian leakage in the area, since artesian waters found near Pima
have rather large amounts of fluoride and borate in solution.

CHEMICAL CHARACTER OF SURFACE AND GROUND
WATERS OF THE BASIN, DISCUSSED BY AREAS

GRANT COUNTY, N. MEX,
SURFACE WATER

The only samples of surface water taken in this area were those
from Gila River below Blue Creek, near Virden, N. Mex. Analyses
of these samples are tabulated with analyses for lower stations on the
river. They indicate that the Gila River water at the mouth of
Blue Creek is of low mineral content and contains mostly calcium
and bicarbonate.

GROUND WATER

Analyses 82 to 86 are the only ones available for ground waters in
the part of the Gila River Basin in Grant County. The area is for
the most part rugged and mountainous and is thinly populated. Few
wells exist. All the analyses given are for springs. The ground
waters analyzed contained small to moderate amounts of dissolved
matter, consisting mainly of calcium and bicarbonate.

A considerable number of hot springs occur along the upper reaches
of Gila River in New Mexico, some of which are rather large. One,
Gila Hot Springs, has a reported discharge of 900 gallons a minute."”
None of these springs are accessible by road, and as none were visited

2 Stearns, N, D., Stearns, H. T\, and Waring, G. A., Thermal springs in the United States: U. 8. Geol,
Survey Water-Supply Paper 679-B, p. 169, 1937.
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by the writer during the investigation no analyses areravailable. With
the possible exception of these hot springs, it is likely that ground
waters in the Gila Basin in Grant County are no more concentrated
than those for which analyses are given.

GILA RIVER BASIN FROM THE MOUTH OF BLUE CREEK TO THE
BRIDGE ON UNITED STATES HIGHWAY 666
SURFACE WATER
SEEPAGE STUDIES

No river-sampling stations were operated regularly above the bridge
on United States Highway 666 during the investigation, and the only
existing data on the chemical character of water of Gila River in this
section were obtained on samples collected at times when measure-
ments of seepage losses and gains of the river were being made. At
the times when such measurements were made the river was sampled
at each measuring point and a partial analysis made of each sample.
These are analyses 1 to 81.

The seepage studies were made to determine the quantities of water
contributed to the river by ground-water inflow, the amounts lost to
ground water from the river, and the portions of the river that were
gaining or losing from such seepage. In order to determine these
losses and gains the stream-flow measurements were so timed that the
same water was measured repeatedly as it passed the measurement
stations on its way downstream. Samples taken at the times of these
measurements gave indications of inflow of water different in chem-
ica] character from that already in the river. Besides giving some
indication as to the chemical character of the inflowing water, the
analyses of these samples showed appreciable changes in the chemical
character of the river water for some sections of river in which no
gain or even a loss in flow was shown by the discharge measurements,
indicating inflow in a part of the section compensated for by outflow
in another part of the section.

The tabulated results of the seepage studies in the area show analy-
ses of water samples and the corresponding discharges of the river for
several sampling points. Seepage measurements were made at peri-
ods of comparatively low flow, and the samples collected at low flow
do not represent the concentration of the river at times of high dis-
charge. During periods when the discharge is high, discharge meas-
urements are of little value for determining seepage gains and losses.
It is likely that concentrations of dissolved matter in the river at
high flow are much lower than at low flow. It seems likely also that
the analyses for Gila River between Blue Creek and the bridge on
United States Highway 666 given in this report represent fairly well
the maximum concentrations that are likely to occur in an average
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year, but that minimum and average concentrations for any year
cannot be predicted from them.

Figure 3 shows analyses of some samples collected during seepage
studies in the area in July 1940 and May 1941. The results are
expressed graphically,’® with the total dissolved solids represented by

Anglysis no. Location
10,46 Below Blue Creek . aN:d E:,d
14,51 At Duncan K NO3
18,59 At bridge on
15 U.S. Highway 666
Mg S04
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FIGURE 3.-—Analyses of water from Gila River between the mouth of Blue Creek near Virden, N. Mex.
and the highway bridge south of Clifton, Ariz.

the total height of the block. The segments of the block represent
the proportionate concentrations of the various components of the
dissolved matter, expressed in equivalents per million. These two
sets of analyses show changes that occurred as the water of the river
passed through the Duncan-Virden Valley at a time of low flow in -
the summer of 1940 and a time of somewhat higher than normal flow
in the spring of 1941. The first samples of each set were taken at the
gaging station on the river below the mouth of Blue Creek, which is
about 5 miles above the head of the valley; the next samples were
taken from the river at the Duncan highway bridge; and the last
samples were taken at the gaging station at the bridge on United

18 Collins, W, D., Graphic representation of analyses: Ind. and Eng. Chemistry, vol. 15, p. 394, 1923.
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States Highway 666 south of Clifton, about 6 miles below the lower
end of the valley.

The graphs in figure 3 and the tabulated analyses show that the
water that passes the gaging station below Blue Creek at low flow is
of low mineral content, containing chiefly bicarbonate, calcium, and
magnesium. As the water passes through the Duncan-Virden Valley
it changes in composition. Some of the water is diverted into irriga-
tion canals and applied to the land. Part of the irrigation water
generally passes downward to the water table, leaching salts from the
soil, and as the water table slopes toward the river in most parts of
the valley this water eventually returns to the river as ground-water
inflow. Ground water from other sources reaches the river in some
parts of the valley, but in other parts the river consistently loses.
water by seepage through the river-bottom materials.

During periods of low flow most or all of the water entering the
valley may be diverted above Duncan, and river flow at Duncan at
stages such.as prevailed in July 1940 is mainly composed of ground-
water inflows. The water at low flow is not highly mineralized but.
contains considerably higher concentrations of dissolved matter than
water entering the valley at its head, most of the increase consisting-
of sodium and sulfate. Below Duncan there are some additional
diversions for irrigation, and most of the time there is little ground-
water inflow for a distance of 15 miles. Beginning about. 10 miles
below Duncan, at very low stages there may be no surface flow at.
all in the river for a distance of 5 miles. About 15 miles below
Duncan the river enters a narrow rocky canyon, and near this point .
there is always secme flow. The short canyon section ends at York,
about 17 miles below Duncan, and the river continues to gain from
ground-water inflow through the 13 miles from.York to the gaging -
station at the bridge on United States Highway 666.

VARIATIONS IN FLOW BELOW DUNCAN

The variations in flow of Gila River below Duncan present an
interesting phenomenon. The formations that underlie the river bed
in this area probably are not extremely permeable, and it is doubtful
if large flows of water could be transmitted through them as under-
ground flow and returned to surface flow with the same chemical
character as before going underground. The analyses show that the
water that appeared in the river at York at times when the river
above York was dry contained less dissolved matter than and was
different in chemical character from water that passed Duncan. Al-
though the water at York was less concentrated than the water that .
passed Duncan, it contained a larger proportion of sodium and bicar-
bonate. It was also somewhat more copcentrated than the water -
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entering the valley at its head above Duncan. It seems probable
that at low stages the water in the river at York represents the
ground-water underflow of the entire Duncan-Virden Valley, probably
augmented by some underflow from Apache Creek. This water is
forced to the surface by the copstriction in the width of the valley
and a probable decrease of the depth of valley fill at the canyon
mouth. The water is similar in chemical character to that found in
wells near the head of the canyon.

The water entering the river above York contains somewhat more
sodium, chloride, and sulfate than river water entering the valley.
The decreased calcium and magnesium content of the water at York
may be due to a natural softening or base-exchange process that is
going on in the saturated valley fill. A more detailed study in the
vicinity of York should yield valuable information regarding the
sources of the inflow received by the river.

When the river above York was dry the analyses for the river at
York and at the gaging station on the bridge on United States High-
way 666 south of Clifton showed no significant difference in chemical
character or concentration of the water. This indicates that in the
13-mile stretch below the point where the river again began to flow
all of the inflow had about the same chemical character.

In May 1941, when the river was at a high stage, slight increases in
concentration occurred between the head of the valley and Duncan
and between Duncan and the gaging station near Clifton. Insufficient
data are available to determine whether increases occurred at other
times.

The tributaries of Gila River in the Duncan-Virden Valley all are
ephemeral streams. Some have small perennial flows in their upper
reaches, but they contribute water and dissolved matter to the river
through surface flow only during storm periods. The length of some
of the tributaries and their large mountainous drainage areas suggest
the possibility that there may be important quantities of underflow
in the alluvium underlying the stream channels, but not enough data
have been obtained to make reliable estimates of the quantity of
underflow in any one of them. In the 1940-41 investigations in this
area it was estimated that the total underflow of the tributaries of
the river between Blue Creek and the bridge on United States High-
way 666 was 12 second-feet.!*

GROUND WATER

Analyses 87 to 158 are of samples of ground water collected in the
Gila Basin from the mouth of Blue Creek to the bridge on United
States Highway 666. These analyses indicate that ground waters of

4 Turner, S. F. and others, op. cit., p. 137,
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the area differ econsiderably in chemical character and coneentration.
Water of low mineral content from wells near and above Virden,
N. Mex., contained less than 500 parts per million of dissolved matter,
which consisted mostly of calcium and bicarbonate. Waters from
wells in the lower part of the area, from Sheldon, Ariz., downstream,
are similar in eoneentration to those found near Virden but are gen-
erally softer than are waters near Virden. Some of the waters near
York contain mostly sodium and bicarbonate. The river water at
low flow in this lower part of the valley is similar in chemical character
to ground waters in the same area.

In the central part of the valley ground waters of high mineral
content occur, and one sample eollected from a well southeast of Dun-
can along the north side of the river and near the Arizona-New
Mexico State line eontained nearly 5,000 parts per million of dissolved
solids (analysis 99). This was the highest concentration observed
in any water sample from the area, but econcentrations of more than
1,000 parts per million of dissolved solids are common in ground
waters in an area of 7 or 8 square miles near the river east and south-
east of Dunean. Itis not possible to determine from the limited num-
ber of analyses available the exact boundaries of the areas where the
more highly mineralized waters are found. However, such areas exist
on both sides of the river, particularly on the south near the mouths
of Rainville and Railroad Washes where lake-bed deposits are exposed.
The waters from these areas contain eonsiderable quantities of sodium,
sulfate, and chloride. A spring issuing from a fault zone in lake-bed
deposits flows into Rainville Wash and eauses a small perennial flow
at the bridge across the wash on United States Highway 70 about 1
mile east of Dunean. This water, which is probably typical of the
more highly mineralized ground waters in the area, contained 1,790
parts per million of dissolved solids, which consisted largely of sodium
and sulfate. The spring water seldom reaches Gila River as surface
flow. The concentration of sodium, sulfate, and chloride in the spring
water is believed to be typieal of the more highly mineralized ground
waters in the Duncan-Virden Valley.

For comparison there are shown graphically in figure 4 analyses of
water from the spring in Rainville Wash and of water from an irriga-
tion well about 2% miles northeast of Duncan. The sample from the
well may be eonsidered representative of ground waters near Sheldon,
and it is similar in concentration to those found in the valley above
Virden.

The more highly mineralized waters in the area probably represent
drainage from irrigated lands near the river and inflow from water-
bearing strata in the lake-bed formations that underlie parts of the

879751—50——3
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EQUIVALENTS PER MILLION

Analysis Source Dote
no. N sampled
132 Spring in Rainville Wash Aug. |,1944
neor Duncan
14 Franklin irrigation district July 9, 1941
well near Duncan
207 Gillard Hot Springs May 22,1944
near Clifton
150] 218 Clifton Mineral Hat Springs Aug. it 194}
well at Clifton
259 Phelps Dodge Corp: well . Jan. 5,1944 ’
on Eagle Creek |
145 2
Na Ci
140 and and
K NO3
Mg S04
40
35
30 132
25
207
20
15
10
141
%% 259
s RR
7 i

FIGURE 4 —Analyses of ground waters from the Gila River Basin above the mouth of Bonita Creek.
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valley. These lake beds contain considerable amounts of soluble
matter, and water obtained from them should be rather highly
mineralized. )

Another characteristic of ground waters as well as surface waters
in the area is their relatively high fluoride content. Fluoride seems to
be more abundant in water from the deeper wells that are drilled into
lake-bed deposits, but it is present in significant amounts in shallower
ground waters throughout the valley. It is only in the more dilute
ground waters in the area that fluoride content is generally below 1
part per million.

Several of the ground-water sources sampled contained unusually
large amounts of nitrate. A maximum concentration of 199 parts per
million was found in a sample of highly mineralized water from a
shallow well near Duncan. The source of such a high concentration
of nitrate is not known, but rather high concentrations are common
in the shallow ground waters of the entire basin and have been found
in other parts of Arizona as well.

GILA RIVER BASIN FROM THE BRIDGE ON UNITED STATES
HIGHWAY 666 TO MOUTH OF BONITA CREEK

SURFACE WATER

At the bridge on United States Highway 666 south of Clifton, Gila
River is entrenched in a deep rock-walled canyon. The canyon is
continuous for 16 miles downstream to the mouth of Bonita Creek
near the head of Safford Valley. In this canyon section the river
receives inflow from comparatively minor ground-water sources and
from three major tributaries—San Francisco River, Eagle Creek,
and Bonita Creek. A field investigation of part of this section of the
Gila River Canyon was made during November 1940 for the purpose
of sampling the river, its tributaries, and some of the spring inflows.
Analyses 159 to 164 are for samples from Gila River in this area.
The waters of Gila River change noticeably in chemical character
between the bridge on United States Highway 666 and the mouth of
Bonita Creek. This change takes the form of a large increase in the
concentration of sodium and chloride, most of which is brought in
by San Francisco River. :

GROUND WATER

There are few wells in this area, but a number of springs occur along
Gila River. The largest of these are the Gillard Hot Springs, located
about 4 miles below the highway bridge and about 2 miles above the
mouth of San Francisco River. They consist of a series of small seeps
extending for about 150 feet along the north bank of the river. At
high stages of the stream all the seeps are under water, and even at
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low stages much of the seepage zone is flooded so that it is difficult to
estimate the volume of spring flow. From the analyses of water of
the springs and of the river above and below them and the river
discharge measured at the gaging station at the highway bridge
about 4 miles upstream on the day the samples were taken, it is esti-
mated that the flow from the seepage zone was about 400 gallons a
minute. The dissolved solids in the spring water, amounting to
1,260 parts per million, consisted mainly of sodium and chloride but
contained 10 parts per million of fluoride. (See analyses 204 to 207.)
An analysis of water from the Gillard Hot Springs, No. 207, is shown
graphically in figure 4. The water issues from a fault zone, and its
high temperature indicates that it probably rises from a considerable
depth. In April 1942 the temperature of the water discharged was
measured, and several seeps were found to have temperatures of 181°
F. This temperature, so far as is known, is considerably higher than
that of any other hot spring in the basin. On cool days a cloud of
vapor, which is visible for some distance up and down the canyon,
hangs over the seepage zone. The springs may be reached by a primi-
tive road about 5 miles long branching off from United States Highway
666 south of Clifton, but it is not always passable for automobiles.
Limited facilities for hot baths have been constructed at the springs
but have deteriorated from long disuse because of the inaccessible
location of the springs. A well has been dug to a depth of 26 feet in
the alluvium of the canyon bottom and yields hot water similar to
the spring water, but no pump has been installed on the well.

In November 1940 several other springs were observed in the canyon
of Gila River, and a few of them had temperatures somewhat above
the normal ground-water temperatures for the area. Most of the
springs in the Gila River Canyon were less concentrated than the
Gillard Hot Springs and contained less than 1,000 parts per million
of dissolved matter, which consisted mainly of sodium and chloride.
Two small thermal springs were found in the bottoms of minor can-
yons draining into Gila River between the mouths of Eagle and
Bonita Creeks. The waters were similar in concentration and char-
acter, containing less than 300 parts per million of dissolved matter,
with bicarbonate as the principal anion, a somewhat larger amount
of magnesium than calcium, and a very small amount of sodium.
Analyses for some of the springs are given. (See Nos. 203 and 209-

212.)
SAN FRANCISCO RIVER BASIN

SURFACE WATER
MAIN STREAM

San Francisco River enters Gila River from the north about 6 miles
below the gaging station on Gila River near Clifton. The San
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Francisco is the largest tributary of the Gila in the part of the basin
covered by this report. At Clifton, 8% miles above the mouth of the-
San Francisco, the drainage area is 2,790 square miles. This area is
similar in topography to that drained by Gila River in New Mexico,
which is characterized by rugged mountains and plateaus, and much
of which is at an altitude high enough to support a growth of pine
timber. Annual discharges of San Francisco River for the periods
1914-15, 1917, 1928-33, and 1936-45 measured at Clifton have ranged
from a maximum of 678,700 acre-feet in 1915 to a minimum of 50,860
acre-feet in 1944, .

Analyses 165-172 show the quality of water in San Francisco River
above Clifton at low stages of the river and probably represent the
maximum concentrations of dissolved matter that are likely to occur
in the stream above Clifton. The water contains rather small amounts
of dissolved matter, made up mostly of ealcium and magnesium
bicarbonate.

For a period of 17 months in 1943 and 1944 samples were collected
daily from San Francisco River at the site of the old Phelps Dodge
Corp. smelter, 1% miles below the gaging station op the river in Clifton.
There is little inflow between the gaging station and the sampling
point, so that discharges measured at the gaging station should repre-
sent the discharges at the sampling point. Samples were not collected
at the gage because inflow of highly mineralized waters occurs just
above it, and often the water in the river at the gaging station is not
of uniform concentration all the way across the stream. Analyses
173-191 show some of the results of the daily sampling of the river
below Clifton. The weighted average analysis for the year ended
September 30, 1944, is shown graphically in figure 5. The water
usually contained a moderate amount of dissolved mineral matter,
consisting mainly of sodium and chloride. The river water may be
rather highly mineralized at times of low flow. The dissolved matter
carried past the sampling station during the year ended September
30, 1944, amounted to 37,500 tons.

BLUE RIVER

Blue River, the largest tributary of San Francisco River, was sampled
once at low flow, at which time the water contained 344 parts per
million of dissolved matter, mainly calcium and magnesium bicar-
bonates. (See analysis 193.)

CHASE CREEK

Chase Creek, which joins San Francisco River at Clifton, is an inter-
mittent stream. It discharges no water to the San Francisco as
surface flow except during wet weather, but a perennial flow is main-
tained in parts of its course just above Clifton by springs in its bed,
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Analysis Location
no

191 Son Francisco River at Clifton, Ariz.

357 Gila River near Solomonsville, Ariz. :‘n% S‘d
390 Gila River ot Satford, Ariz. ’ K N‘b3
445 Gila River ot Byias, Ariz.
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FIGURE 5.—Weighted average analyses of water at four gaging stations in the Gila River Basin for the year
ended September 30, 1944.

drainage from abandoned mines, and waste from leaching pits oper-
ated in Chase Creek Canyon by the Phelps Dodge Corp. to remove cop-
per from the mine drainage waters. Analyses194 and 195 areof samples
of water from Chase Creek. In theupper reaches of thestream springs
occur where the underflow of the creek is forced to the surface by rock
ledges in the canyon bottom. The water from these springs is mod-
erately low in mineral content. A sample collected from one con-
tained 596 parts per million of dissolved solids, which consisted chiefly
of calcium and sulfate. Analyses of the mine drainage waters enter-
ing the creek indicate that these waters frequently contain appreciable
quantities of copper salts, both in solution and in suspension, but
that the concentrations of dissolved solids usually amount to less
than 1,000 parts per million. By treatment in the leaching pits the
copper is precipitated, and the waste water issuing from the pits con-
tains iron salts and generally some free sulfuric acid. In flowing
over the rocky stream bed some of the acid is neutralized and the iron
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oxidized and precipitated. Water flowing in the creek about 2%
miles upstream from Clifton was sampled in 1944. The water was
brown in color, owing to its iron content, and contained the equivalent
of 256 parts per million of free sulfuric acid, with a total of 1,730
parts per million of sulfate. (See analysis 194.) The flow was small,
and it disappeared into the alluvium of the creek bed about a mile
above Clifton.

The other streams in the San Franmsco River Basin were not
sampled during the investigation.

GROUND WATER

Analyses of 33 ground water samples collected in the San Francisco
Basin are tabulated in this report. About the only important devel-
opments of ground water in the basin are those at Clifton.

PHELPS DODGE CORPORATION WELL

The Phelps Dodge Corp. has drilled a well on the right bank of the
river just above the mouth of Chase Creek to obtain water for use in
the Morenci ore-treatment plant. The well was sampled at weekly
intervals for a period of about 7 months, beginning in July 1943.
Water from this well varied widely in concentration, as shown by
analyses 222-240. Its conductance ranged from 309 to 1,100 during
the period, but it was always high in sodium and chloride and gen-
erally very high in hardness. Water of this type would not be con-
sidered satisfactory for many industrial uses, but large quantities
were pumped and used in the Morenci plant in 1943 and 1944 in
processes where water of good quality was not required.

The lower concentrations of the well water occurred at times when
flow in San Francisco River was normal or above normal, and the
higher concentrations were observed after the river had been at a
rather low stage for several months. Sampling of the well water was
not continued long enough to indicate how closely the quality of
water obtained from the well was related to the volume of flow in

San Francisco River.
CLIFTON HOT SPRINGS

The well of the Clifton Mineral Hot Springs Co. is located about a
quarter of a mile below the mouth of Chase Creek, on the left bank
of San Francisco River. This well furnishes highly mineralized water
at a temperature of about 130° F. for mineral baths and the municipal
swimming pool. The water is obtained from the river alluvium at a
shallow depth. It was sampled several times from 1941 to 1944, and
the analyses are tabulated on pages 82-83. The water was variable in
concentration but always was highly mineralized. It contained large
amounts of sodium, calcium, and chloride but only small quantities
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of other ions. An analysis of water from the well is shown graphically
in figure 4.

Some seepage springs along the river, which were sampled several
times, discharge water of the same chemical character as the well
water. An analysis of water from the Clifton Hot Springs was pub-
lished in 1905.%* Analyses for samples collected from the springs
and the well from 1940 to 1944 are numbered 213-221 in the tables
of analyses. The high temperature and high mineralization of the
water from the Clifton Hot Springs indicate that the water comes
from a deep-seated source. It probably rises along a fault zone and
enters the alluvium in the bottom of the San Francisco Canyon, from
whence it seeps into the river or is removed by pumping.

RELATIONSHIP OF CLIFTON HOT SPRINGS TO QUALITY OF WATER IN SAN FRANCISCO RIVER

The change in the chemical character of the water of San Francisco
River as it passes through Clifton has been noted by early investi-
gators.”® The change is believed to be caused by inflow from the
Clifton Hot Springs. Between 1940 and 1944 a series of observations
was made to determine the amount of the change in concentration of
the river water. The visible inflow from the Clifton Hot Springs is
usually small. When first visited in 1940 a number of small seeps
were visible in the river bottom near the Southern Pacific depot in
Clifton, but on two visits to the springs in 1944 there was no visible
inflow in the section. A rather large volume of water is probably
discharged into the river from spring openings under the water sur-
face, however, but the only evidence of this inflow is the increase in
concentration of the river waters in the area. The gaging station on
the river just below the seepage zone provides a measure of the com-
bined river and spring flow, and from gaging station records and
analyses of samples taken at about the same time from the river above
Clifton and below the spring zone and from the springs it is possible
to compute the flow of the springs and the load of dissolved solids
they contribute to the river. The results of the computations are
tabulated below.

Computed spring Computed salf load
discharge of springs
(second-feet) (tons per day)
Oct. 30,1940 _________________________ 2.7 65
Aug. 131, 1941 ____ 2.9 70
June 15, 1943 __ _____________________. 2.9 69
Jan. 10, 1944_________________________. 2.1 65
Aug. 1,1944______ . .9 24
Nov. 1, 1944 __ . 1.2 32

18 Lindgren, Waldemar, U. S. Geol. Survey Geol. Atlas, Clifton folio (no. 129), p. 13, 1905.

16 Lindgren, Waldemar, the copper deposits of the Clifton Morenci district, Ariz.: U, S. Geol. Survey
Prof. Paper 43, p. 51, 1905.
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On August 11, 1941, the river flow was measured twice with a
current meter at both the upper and lower sampling points. The
averages of these two measurements at each sampling point indicated
an increase of river flow in the spring zone amounting to 2.5 second-
feet, which checks closely with the computed spring flow of 2.9
second-feet.

The tonnage of dissolved matter contributed by the springs was an
appreciable part of the daily mean load of 103 tons carried by the
river past the sampling station below Clifton during the year ended
September 30, 1944. The sodium chloride in the spring water had
a significant effect on the chemical character of the waters of both
San Francisco River and Gila River below the San Francisco.

APPARENT DECREASE IN SPRING FLOW IN 1944

From data collected in the Clifton area in 1944 it appears that the
discharge of the Clifton Hot Springs into the river was less in that
year than at previous times for which data were obtained. The dis-
charge of highly mineralized water from the fault zone into the river
alluvium probably is fairly constant, but some of the water may have
been removed from the alluvium before it could seep out into the
river. The analyses of samples from the Phelps Dodge well at Clifton
indicate that it yields highly mineralized water similar in chemical
character to water obtained from the spring zone a short distance
down the river. It seems probable that at least some of the water
obtained from this well comes from the same source as that supplying
the springs. The continuous heavy pumping of the well in 1944 may
have lowered the hydrostatic head of highly mineralized water in
the spring zone enough to reduce the outflow into the river. With
lower rates of pumping at the well it is likely that the spring flow
would again reach the amounts computed in 1940, 1941, and 1943.

The apparent decrease in spring flow caused by pumping suggests
the possibility of preventing at least a part of the water of the Clifton
Hot Springs from entering the river. A much more detailed investi-
gation of the Clifton vicinity would be needed to determine whether a
program of disposing of the highly mineralized water by pumping or
other means would be feasible or economically justifiable. If the
water of the Clifton Hot Springs could be completely prevented
from reaching the river, Gila River water available to the Safford
Valley water users would be considerably improved in quality and
only slightly reduced in quantity.

OTHER SPRINGS

Other hot springs are reported to exist above Clifton in the San

Francisco River Basin,” but they were not visited by the writer.

17 Stearns, N. D., Stearns, H, T., and Waring, G. A., op. cit., pp. 168-169.
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Because of the low mineral content of Blue River and of San Francisco
River above Clifton, even at low flow, it seems unlikely that any springs
along the upper reaches of these streams contribute appreciable
quantities of dissolved matter to the river.

EAGLE CREEK BASIN
SURFACE WATER
EAGLE CREEK

Eagle Creek, a perennial stream,joins Gila River about 2 miles
below the mouth of San Francisco River. It drains a mountainous
area west of and similar in topography to the San Francisco drainage
basin.

Samples were collected from the creek daily for about 9 months
beginning in July 1943. They were taken about 10 miles west of
Morenci at the Phelps Dodge Corp. pumping plant, which furnishes
water for the operations at Morenci. The water of Eagle Creek at
low stages seldom contains much more than 300 parts per million of
dissolved mineral matter, and during flood stages it is even less con-
centrated. Most of the dissolved matter consists of calcium, magne-
sium, and bicarbonate. No gaging station was maintained on Eagle
Creek by the Geological Survey during the investigation; hence no
weighted average analyses or loads of dissolved solids could be com-
puted for the stream. A sample taken at the mouth of Eagle Creek
at low flow indicates that there is no appreciable change inchemical
character or concentration of its water between the Phelps Dodge
pumping station and the mouth of the creek. FEagle Creek, therefore,
contributes water of low mineral content to Gila River. No analyses
are available for other streams in the basin of Eagle Creek.

GROUND WATER

A series of small hot springs is reported to exist in the canyon of
Eagle Creek near the Phelps Dodge Corp. pumping plant,”® but no
analyses for them are available. Near the site of the diversion from
Eagle Creek a well has been drilled in the alluvium of the canyon of -
Eagle Creek to obtain water for the public supply of Morenci. The
well was sampled at weekly intervals for 7 months, beginning in July
1943 (analyses 246-263). Water from this well was fairly constant
in composition and similar in chemical character to the surface flow
in the creek, except that the well water contained slightly more sodium
and fluoride. The well water contained about 350 parts per million
of dissolved solids, consisting chiefly of sodium, calcium, and bicar-
bonate. A typical analysis of the water from the well, together with
analyses of other ground waters of the Gila River Basin, is shown
graphically in figure 4. Since the well water is reported to have a,

18 Stearns, N. D., Stearns, H, T., and W§ring, @G, A, op. cit., p. 116.
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temperature as high as 90° F. at times, some of the water may come
from the source that supplies the hot springs reported in the area.
No other samples of ground waters were obtained in the basin of

Eagle Creek.
BONITA CREEK BASIN

SURFACE WATER
BONITA CREEK

Bonita Creek enters Gila River about 5 miles below the mouth of
Eagle Creek and about 2 miles above the head of the Safford Valley.
It is a perennial stream in its lower reaches and drains an area south-
east of the Eagle Creek Basin, which has a similar topography. No
gaging station existed on Bonita Creek during the investigation,
and, because of the inaccessibility of the creek, only one sample was
obtained directly from it. However, about 5 miles above the mouth
there is an infiltration gallery, which collects water for a pipe line
extending down the creek and the Gila River Valley to Safford, where
the water is used as the public supply. A number of samples collected
from the tap and analyzed in the Geological Survey Laboratory in
Safford give an indication of the quality of the combined surface flow
and underflow of the creek. These analyses show that the water in
Bonita Creek is similar in character to that of Eagle Creek and that
it generally contains about 300 parts per million of dissolved matter
consisting chiefly of calcium and magnesium bicarbonates. A sample
taken at flood stage contained 139 parts per million of dissolved solids.

GROUND WATER

No analyses are available for ground waters in the Bonita Creek
Basin except those for the combined ground and surface water rep-
resented by the Safford public supply. Various springs are reported
to exist in the area, but none were visited. :

SAN SIMON BASIN

SURFACE WATER
SAN SIMON CREEK

The drainage area of San Simon Creek above the gaging station on
the creek near Solomonsville, 2% miles above its mouth, is 2,280 square
miles. In area this valley comprises a major part of the basin of
Gila River above Coolidge Dam. However, in most of the San
Simon Basin there is little rainfall, and for this reason the annual
runoff of San Simon Creek is normally very much smaller than that
of San Francisco River, which drains an area only slightly larger but
with heavier precipitation. There is usually flow in San Simon Creek
only during storm periods. Annual discharges at the gage near
Solomonsville from 1935 to 1943 ranged from 2,600 to 16,000 acre-feet.
Irrigation waste water often enters the creek in small quantities below
the gaging station.
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No samples of flood flows were taken directly from San Simon
Creek, but a few analyses for Gila River at Safford are available for
times when the flow in the river at Safford was practically all coming
from floods in San Simon Creek. (See analyses 264-269.) These
analyses indicate that flood waters from San Simon Creek contain
500 to 900 parts per million of dissolved matter, which is a fairly high
concentration for flood water compared with flood runoff in other
areas of the Gila River Basin. The dissolved matter consists mainly
of sodium, chloride, bicarbonate, and sulfate, but the chemical
character of water from flood flows originating in different parts of the
San Simon Basin may vary considerably. The high percentage of
sodium in the water from San Simon Creek makes it less desirable for
irrigation than flood waters from most other tributaries that have
been sampled.

Another characteristic of surface flow from San Simon Creek is its
high sediment content; at times when flood flows originated in San
Simon Creek the water in Gila River at Safford often contained more
than 10 percent of sediment by weight. The sediment is very finely
divided, yellowish brown in color, and settles very slowly. It is
generally believed by farmers in the Safford Valley that the water
from San Simon Creek is inferior in quality for irrigation purposes
and that the suspended matter it contains is damaging to their land

and crops.
GROUND WATER

Ground water has been developed for irrigation in several parts of
the San Simon Basin. These areas are near Rodeo, N. Mex., at the
head of the creek; near San Simon, Ariz., in the upper part of the
basin; and locally along the eastern and western sides of the lower end
of the basin where it merges with the Safford Valley. The lowermost
developments and those near the town of San Simon use water from
flowing wells, which have been successfully drilled in these areas.

RODEO AREA

A few analyses of ground water in the area near Rodeo were pub-
lished in 1919.® These analyses indicate that the ground water is
low in dissolved mineral matter, which consists largely of sodium
and bicarbonate.

SAN SIMON ARTESIAN BASIN

In the artesian area near the town of San Simon 55 samples were
obtained in 1940 and 1941 from flowing wells and 3 samples from
shallow nonartesian wells. Analyses of these samples, Nos. 270-333,
show that none of the artesian waters sampled in the vicinity of the

19 Schwennessen, A. T., Ground water in San Simon Valley, Ariz. and N. Mex.: U. S. Geol. Survey
‘Water-Supply Paper 425-A, p. 21. 1919.
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town of San Simon had high concentrations of dissolved matter.
Two distinct types of water were obtained from the artesian wells in
this area. Kast of San Simon Creek and in the southeastern part of
the artesian basin the water obtained from the deep wells contained
mostly ealcium and bicarbonate. In the western part of the area of
flowing wells the waters contained more sodium than calcium and
magnesium. Bicarbonate was the usual predominating anion, but
some waters contained moderate amounts of sulfate. An analysis of
a water of each type is shown graphically in figure 6. .

The two types of water obtained from drtesian wells near San Simon
may have resulted from different origins of the valley-fill deposits in
the area. Most of the fill east of San Simon Creek presumably was
derived from the Peloncillo Mountains east of the basin. These
mountains have large areas of volcanic rocks containing calcium and
magnesium. The fill in the western part of the area probably origi-
nated in the granitic rocks of the Dos Cabezas range to the west.

Almost all the ground water in the San Simon artesian area contains
relatively large amounts of fluoride. Some of the sodium-bicarbonate
type of artesian waters in the western part of the area were found
to be exceptionally high in fluoride, one sample having a concentration
of 38 parts per million. This sample was obtained from an abandoned
artesian well that yielded a small flow of warm water containing less
than 500 parts per million of total dissolved matter. This is an unusual
water, as its fluoride concentfration is higher than has been found in
any other part of the Gila River Basin.

The shallow ground waters in the vicinity of the town of San Simon
were not intensively studied, but it appears from the three available
analyses that the shallow waters may contain considerably more
dissolved matter than the artesian waters. The sodium, sulfate, and
chloride concentrations of these waters are rather high, and the
fluoride content is high enough to make the water objectionable for
domestic use. It is likely that there is considerable variation in the
composition of shallow waters in the vicinity of San Simon.

LOWER SAN SIMON AREA

In the lower part of the San Simon drainage basin there are areas
where it is reported difficult to find ground water of satisfactory quality
for livestock, but during this investigation no waters of excessive
concentrations were found. Samples from some nonflowing artesian
wells in the lower part of the valley contained about 1,000 parts per
million of dissolved matter. These waters were soft, containing little
calcium or magnesium but considerable amounts of sodium, chloride,
and sulfate and, in some instances, considerable amounts of bicarbon-
ate. At the extreme lower end of the drainage area of San Simon
Creek some of the shallow ground waters sampled were rather con-
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FIGURE 6.—Analyses of ground waters from the Gila River Basin below the mouth of Bonita Creek.
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centrated, one sample containing more than 6,000 parts per million
of dissolved matter. In the southeastern part of the lower San Simon
drainage basin several nonflowing artesian wells have been drilled.
One well has a large flow of warm water, which has been used in recent,
years for small-scale irrigation. The water contains more than
90 percent of sodium with a total solids content of about 1,000 parts
per million.

GILA RIVER BASIN FROM MOUTH OF BONITA CREEK TO CALVA
SURFACE WATER

Analyses 344 to 450 provide a summary of the chemical character
of Gila River waters between the mouth of Bonita Creek and the
Southern Pacific Railroad bridge at Calva, as shown by analyses of
samples collected during the period from 1940 to 1944. - Additional
analyses for some of the sampling points in the area for the period
have been published in the annual reports on quality of surface waters
of the United States—Water-Supply Papers 942, 950, 970, 1022,
and 1030.

GILA RIVER FROM SOLOMOKSVILLE GAGING STATION TO CALVA

Samples taken at the gaging station just below the mouth of Bonita
Creek and at the gaging station near Solomonsville, 3 miles down-
stream, indicate the chemical character of Gila River water at the
upper end of the area. Below the gaging station near Solomonsville
large amounts of water are diverted from the river for irrigation, and
the river receives considerable inflow from ground water and from
irrigation return flow, so that a large increase occurs in the concentra-
tion of dissolved matter in the river water. Samples taken at or
near the gage at Calva indicate the chemical character of water leaving
the area. The samples taken at Bylas resemble closely in chemical
character the water passing Calva, 10 miles downstream, and the
discharges measured at Calva were used with the Bylas analyses to
compute a weighted average. There is rarely any increase in flow of
the river between Bylas and Calva. Samples taken from the river
at points between Bonita Creek and Calva indicate the extent of and
the locations where the changes in chemical character occur.

The best over-all indication of the changes that occur in the chem-
ical character of river waters in this part of the basin is found in the
weighted average analyses for the samples collected daily at the gaging
stations near Solomonsville, at Safford, and at Bylas for the year ended
September 30, 1944. These analyses are shown graphically in figure
5 and are Nos. 357, 390, and 445 in the tables. An indication of the
chemical character of the water leaving the Duncan-Virden Valley
can be obtained from figure 3, although no weighted average analyses
are available. The chloride concentration of this water, which is
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comparatively low, is greatly increased by the inflow of water from:
San Francisco River. The resultant Gila River water that enters the.
Safford Valley at the gaging station near Solomonsville contains a
rather large percentage of chloride, although it is somewhat lower-
than the percentage of chloride in San Francisco River water.

In general the mineral matter contributed to Gila River in its
passage through Safford Valley consists largely of sodium, chloride,
and sulfate. 'This is well illustrated by the gain in sodium and chlo--
ride between Solomonsville and Bylas. During the year ended Sep-
tember 30, 1944, the river water passing the gaging station near-
Solomonsville contained, on the average, 454 parts per million of
dissolved solids, consisting mainly of sodium, calcium, chloride, and
bicarbonate. The water passing Solomonsville was diverted to a.
large extent for irrigation in the upper part of the Safford Valley, so
that only about half as much water passed Safford in the river as
entered the valley at Solomonsville. Three irrigation canals bypass
the Safford gaging station and carry a large volume of water. Part.
of the water passing Safford in the river was contributed by inflow
of dilute flood waters below the Solomonsville gage. There are several
tributaries in this section, of which San Simon Creek is the largest,
but none of them have perennial flows. The river water passing-
Safford during the 1944 water year was about 10 percent less concen-
trated than the water passing the Solomonsville gaging station during-
that period, but the water at Safford was slightly different in character,
containing a larger proportion of sodium, somewhat more bicarbonate
and sulfate, and less chloride.

Most of the observed change in chemical character of the river water-
takes place between Safford and Calva. Below Safford, although
additional diversions are made for irrigation, the river receives more
inflow from ground-water and surface-water sources than is diverted.
As a result, the total flow of the river leaving the valley at Calva
during the year ended September 30, 1944, was about 9 percent more
than the flow that passed Safford during the year. However, because
of the large diversions above Safford, the flow at Calva was 40 percent
less than the flow that entered the valley at the gaging station near
Solomonsville. The concentration of dissolved solids in the water
leaving the valley was more than double that of the water entering-
the valley in Gila River. Computed from the analyses and the dis-
charge records, the total load of dissolved solids passing the Solomons-
ville station during the year was 84,100 tons, the amount passing
Safford in the river was 42,200 tons, and the amount leaving the valley
at Calva was 105,000 tons, a net increase in load through the valley
of 20,900 tons. The significance of the increase cannot be definitely-
stated on the basis of the records for this one year.
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The runoff for the 1944 water year for Gila River was lower than
normal, and it is likely that the increase in load of dissolved matter
might be different in other years. Weighted average analyses for
Safford are available for the water years 1941 to 1944. (See analyses
381, 384, 387, and 390.) It should be noted that the concentration
of the water passing the Safford station is lower for years of high dis-
charge. No data are available for the other two stations, except for
1944.

The changes in chemical character of the river water as it passes
through Safford Valley are shown by the analyses of samples collected
at several additional sampling points. Maximum and minimum con-
centrations observed during 12 months or shorter periods are shown
for stations at which samples were collected at irregular intervals.
Most of these stations were located in the lower part of the valley
between Thatcher and Calva and were operated during part of 1943
and 1944, but one station above and two below Safford were operated
intermittently for a time during 1940 and 1941. It was not possible
to make weighted average analyses for these stations because of in-
complete discharge data and infrequent sampling. However, the
highest concentrations of dissolved matter were found in the river
water passing the gaging station at Fort Thomas at times of low flow.
There was an increase in concentration as the water passed from Saf-
ford to Fort Thomas, and a maximum concentration of more than
6,000 parts per million was observed at Fort Thomas in the summer
of 1944. Below Fort Thomas the maximums observed were lower
because the ground water inflows occurring below Fort Thomas were
of less concentrated water than those farther upstream.

SEEPAGE STUDIES

At times when studies were being made of seepage gains and losses
of Gila River between Bonita Creek and Calva, water samples were
collected at each river measuring point. Analyses of these samples
indicate the changes in the chemical character of the waters of the
Gila River that occur at low flow in this part of the basin. Two
typical sets of analyses, those for the October 1940 and June 1944
observations, have been reproduced in graphic form in figure 7.
Tabulated analyses 451 to 812 include results for all samples collected
in the seepage studies.

When the first seepage measurements were made in 1940 the upper-
most gaging station on the river in Safford Valley was that below
Bonita Creek. This gage was abandoned in 1941 and replaced by a
station 3.8 miles downstream, referred to as “Gila River near Solo-
monsville, Ariz.” The lower gaging station was used as the initial

point for reporting mileage between stations in the seepage measure-
879751—50—4



44 WATER OF GILA BASIN ABOVE COOLIDGE DAM
28 512

513
511
Na KX Ct
30 d RS and
[ B
7 T03%58 Qct.16-25,1940
25— % 0692 3
o
508
7
20 /j Ca
¥ 506
15
503
10l—490 498 500
5 —
(o]
773
> 100 Analysis no. Location
‘o 490 Below Bonita Creek
_‘j 753 Near Solomonsville
s s 498,757 Below San Simon Creek
P 9 500 At Safford
E 503,783 Near Thatcher
506,765 At Pima
Q 508,770  Near Eden
Z 35 511,773 At Fort Thomas ~
3 512,778 At Geronimo crossing 778
‘>_i 513,780 At Bylas 780
3
40
w 770
June 19-23,1944 ’ 7
35
765
30
763
25
20
15 757
753 7— 7
10 =
S
No flow ot
Safford
0

FIGURE 7.—Analyses of water from Gila River between the mouth of Bonita Creek near Solomonsville,
Ariz., and Bylas, Ariz.




GILA RIVER, FROM BONITA CREEK TO CALVA 45

ments made after 1941. The meandering of the river channel caused
changes in the river distances between some of the stations between
1941 and 1943; consequently, different mileage figures are shown for
certain reaches after 1941.

Discharge values reported in the tables are those actually measured.
Discharge values for seepage measurements made in 1943 and 1944
were adjusted for use in certain computations discussed in another
report,® and the adjusted values are given in that report.

One of the first sets of seepage measurements was made during the
period October 16-25, 1940. On October 16 the river just below the
mouth of Bonita Creek had a discharge of 154 second-feet and a con-
centration of 498 parts per million of dissolved solids, about half of
which was sodium and chloride. The river gained somewhat in flow
in the 9 miles from this point to the San Jose Canal wasteway, but the
water showed no significant changes in chemical character or concen-
tration. Any inflow in this reach must have been of about the same
character as the water already in the river. From the San Jose Canal
wasteway to the mouth of San Simon Creek there was an increase of
20 parts per million in dissolved solids, which was probably caused
by ground-water inflow in this reach of the river. Little change in
the concentration was noted from San Simon Creek to Safford. From
Safford to the Smithville Canal heading a 12-percent increase in dis-
solved matter was observed, which was composed largely of sodium
and chloride. Below Safford, inflows due to return drainage from
irrigated lands began to appear, most of which contained consider-
able amounts of sodium and chloride. At Pima, 28 miles below the
gaging station at the head of the valley, the chemical character of the
water in the river was strongly affected by ground-water inflows. The
concentration of dissolved solids increased 50 percent over the concen-
tration observed below the mouth of Bonita Creek. However, most
of the water originally in the river at the head of the valley had been
diverted, so that the flow at Pima was only about a third that at the
head of the valley. Most of the inflow of ground water reaching the
river above Pima represented irrigation return flow.

Between Pima and Fort Thomas, a distance of about 16 miles, a
further increase of about 90 percent in the concentration of dissolved
solids occurred. Most of the increase was in sodium, chloride, and
sulfate, although increases in concentrations of all ions except bicar-
bonate were observed. The maximum concentration for this series
of samples, 2,000 parts per million, was found in a sample collected
at the Geronimo crossing 6 miles below Fort Thomas. The concen-
tration of inflowing water in this area was lower than that of the river

% Gatewood, J. 8., Robinson, T. W,, Colby, B. R., Hem, J. D., and Halpenny, L. C., Use of water by
bottom-land vegetation in lower Safford Valley, Ariz.: U. 8. Geol. Survey Water-Supply Paper 1103,
pD. 96-101, 1950.
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water at the Geronimo crossing, so that by the time the river water
reached Bylas, 6% miles farther downstream, it had a lower concentra-
tion than at Geronime. In the lower 4 or 5 miles of this reach the
river flow decreased and was less at Bylas than at the Geronimo cross-
ing. However, as there is a definite decrease in the concentration of
the water in the reach, there must have been some inflow, probably
in the upper part of the reach, which was smaller in amount than the
outflow farther downstream. No further changes in the chemical
character of the water occurred from Bylas to Calva. For the entire
distance of 67 miles of river, from Bonita Creek to Calva, there was
a net gain during this series of measurements of 51.6 second-feet and
an increase of more than 350 percent in concentration of dissolved
solids.

The measurements begun on February 14, 1944, represent a different
condition, one in.which the ground-water levels in the valley were
high and inflow was at a maximum. The measurements, however,
covered only the lower part of the valley, from Thatcher to Calva.
The river above Thatcher had received some ground water inflow,
but the amount was small compared with quantities reaching it
farther downstream. Between Thatcher and Pima the water in-
creased in concentration of dissolved solids from 717 to 863 parts per
million. The increase was mainly in sodium, chloride, and bicar-
bonate and occurred even though a considerable quantity of dilute
surface water entered the river in the reach. The net gain from
ground-water inflow for the reach was computed to be 22.8 second-feet.

From Pima to the Eden crossing, a distance of about 7 miles,
there was a further gain in flow of 18.7 second-feet, owing to ground
water inflow, and an increase of about 85 percent in the concentration
of dissolved solids. The increases were in sodium, sulfate, and
chloride.

Between the Eden crossing and the gaging station at Fort Thomas
there was a ground water inflow of 11.8 second-feet, and the con-
centration of dissolved matter increased to 2,200 parts per million
at Fort Thomas, which was nearly 40 percent more than that at.
Eden crossing. The increase was chiefly in sodium and chloride.
At that point the study was stopped and was resumed on February
18. During the intervening 2 days the river at Fort Thomas had
decreased in flow by about half, and the concentration of dissolved
solids in the water on February 18 was 3,370 parts per million. The
maximum concentration of dissolved solids for the February 1944
measurements, 3,500 parts per million, was found in a sample collected
at the gaging station near Geronimo, 3.9 miles below Fort Thomas.
The river continued to gain in flow from Fort Thomas to the Calva.
gaging station, but the concentration of total dissolved solids de-
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«creased progressively, reaching 2,580 parts per million at Calva,
‘which indicated that the inflow was less concentrated than the river
‘water.

In the February 1944 set of measurements the discharge of the
Tiver increased by 84.5 second-feet, owing to ground-water inflows
between Thatcher and Calva. The dissolved solids concentration
increased by more than 300 percent in the reach.

During the period June 19-23, 1944, the river was at a very low
stage, and as a result of dry weather and heavy pumping ground-water
levels were low, so that inflow to the river was small. The seepage
measurements were begun at the gaging station near Solomonsville
on June 19. The river at that point had a flow of 49.2 second-feet,
and the water contained 660 parts per million of dissolved solids. No
change in concentration occurred as the water moved downstream
to the San Jose Canal heading, where the entire flow of the river was
diverted into the canal. Below the diversion the river was dry for
2.5 miles. Seepage of ground water into the river above the mouth
of San Simon Creek caused a small flow, which contained 806 parts
per million of dissolved solids, a 25 percent increase in concentration
over water in the river at the head of the valley. The seepage con-
tained more sodium, magnesium, and sulfate than the original water.
This surface flow ceased before it reached Safford, where the river
was dry.

At Thatcher a flow amounting to 0.9 second-foot, which contained
1,490 parts per million of dissolved solids, mostly sodium and chloride,
resulted from ground water inflows. This surface flow ceased below
Thatcher. Between Thatcher and Pima, however, ground-water
inflows entered the river, causing a flow of 3 second-feet in the river
channel at Pima. This water had a concentration of 1,760 parts per
million of dissolved matter. Most of this water was diverted between
Pima and the Eden crossing, so that at the crossing the river had a
flow of only 0.1 second-foot. The river water at the Eden crossing
contained 2,240 parts per million of dissolved matter, most of which
was sodium and chloride. Between the Eden crossing and Fort
‘Thomas some highly mineralized ground water entered the river,
and at Fort Thomas the river flow was 1.1 second-feet and the water
contained 6,020 parts per million of dissolved solids, or more than
twice as much as at Eden crossing.

Below Fort Thomas there was inflow of ground water with a lower
mineral content, and at the Geronimo crossing, 6.4 miles below Fort
Thomas, the river had a flow of 7.2 second-feet and a concentration
of 2,580 parts per million. Below the Geronimo crossing there was
no further inflow large enough to affect the concentration of the
water appreciably, and the river water at Bylas was of about the
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same concentration as that at the Geronimo crossing. Flow decreased
below Bylas, and at the Calva gaging station there was no flow at
all in the river.

The low-flow measurements and analyses indicate that there is
always ground-water inflow to Gila River in parts of the Safford
Valley. The inflow generally consists of water containing relatively
large amounts of dissolved mineral matter, and as a result the river
gains considerable amounts of sodium and chloride in its passage
through the valley. The principal zones of inflow to the river are
in the vicinity of Pima in a reach of about 7 miles and between Fort
Thomas and the Geronimo crossing in a reach of about 63 miles.
Significant gains of water and changes in dissolved mineral matter
occurred in both these areas even at lowest river discharge.

TRIBUTARY WASHES

No perennial streams enter Gila River in the Safford Valley.
However, there are a number of tributaries in the valley that carry
water during storm periods, and some of these are perennial streams
in their upper reaches at high altitudes. This report contains some
analyses of the samples that have heen collected from these washes,
some from their upper reaches when the streams were carrying water
from melting snow and others from flood waters originating from
heavy local rains.

The samples of water from the upper reaches of the streams during
the spring runoff period give an indication of the quality of the
water that recharges the aquifers in the older fill cropping out near
the mountains. No appreciable amount of this water reached the
river as surface flow even in 1941, a year of unusually large runoff,
because of the large losses from the streams in the recharge areas.
The content of dissolved matter was very low for all samples from
the upper reaches of these tributaries.

The samples taken during flood flows in the lower reaches of the
washes indicate that at times some of the washes in the area may
discharge water to the river containing appreciable amounts of dis-
solved salts and suspended sediment. This is particularly true of
San Simon Creek and Matthews Wash. The latter drains an ex-
tensive area of badlands in the Tertiary and Pleistocene valley-fill
deposits where soluble matter probably is relatively abundant.

Considerable amounts of irrigation waste water and surface drainage
from irrigated land at times enter the river from both natural and
artificial channels. The quality of the river water at low stages may
for short periods be considerably influenced by these inflows, but the
inflows are extremely variable, and individual ones often last only a
few hours.
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GROUND WATER

The study of the quality of ground water in the Safford Valley was
more detailed than in the rest of the Gila River Basin, and a large
proportion of the analyses in this report therefore is of samples col-
lected in this area. A large number of wells and springs in the Safford
Valley are owned by residents and used for various purposes. In
addition, more than 1,300 shallow observation wells were driven
during the investigation for observation of water-table fluctuations
and for the collection of water samples. Between 1940 and 1944
most of the wells and springs in the valley were sampled at least once,
and many were sampled two or more times.

There are two water-bearing formations of major importance in the
valley. Most of the wells obtain water from the widespread sand
and gravel layers in the Recent alluvial fill of thie inner cultivated
valley. This material has been deposited by the river and its tribu-
taries to a maximum depth in most places of less than 100 feet in a
trough a quarter of a mile to nearly 3 miles wide carved in the under-
lying Tertiary and Pleistocene valley fill. Practically all the wells
in the Safford Valley have depths of 100 feet or less and obtain water
from this Recent alluvium. Wells with depths much over 100 feet
and all flowing wells obtain water from the aquifers in the underlying
Tertiary and Pleistocene valley fill.

WATER FROM RECENT ALLUVIUM

In most places water from the Recent alluvium differs in chiemical
character from water from the lake-bed or other Tertiary and Pleisto-
cene fill deposits. The shallow ground waters from various parts of
the valley, however, differ greatly in chemical character and con-
centration, and in a few instances water from a single well hias been
known to change 50 percent or more in concentration over a period
of a few months,

A map showing dissolved mineral content of ground water in Recent
alluvium from Thatcher to the east line of the San Carlos Indian
Reservation is included in another report.? This map shows condi-
tions existing in 1944. '

Bonita Creek to San Jose Dam.—In the upper part of thie valley
above the San Jose diversion dam, northeast of Solomonsville, tlie
waters of the Recent alluvium contain 500 to 1,000 parts per million
of dissolved solids. The water is similar in composition to the water
of the Tiver at low flow in this part of the valley. Generally the main
constituents are sodium, calcium, chloride, and bicarbonate, but the
more highly mineralized waters contain relatively larger amounts of
sodium and chloride. Large quantities of sodium and chloride are

21 Gatewood, J. 8., Robinson, T. W,, Colby, B. R., Hem, J. D., and Halpenny, L. C., op. cit., pl. 5.
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found in most of the more concentrated ground waters of Safford
Valley.

San Jose Dam to Safford.—Between the San Jose diversion dam and
Safford the ground waters are somewhat more highly mineralized than
those near the head of the valley, containing increased amounts of
sodium and chloride, but in most places in this part of the valley total
mineral content of ground water seldom exceeds 1,500 parts per mil-
lion. However, there is a zone of highly mineralized water about a
mile wide and 4 miles long extending northwestward along theé
Southern Pacific right-of-way from a point about 2% miles above the
mouth of San Simon Creek nearly to Safford. Near San Simon Creek
the mineral content of ground waters in this zone is more than 5,000
parts per million, but it decreases to the northwest where, near
Safford, dissolved solids are only about 2,000 parts per million.

Safford to Pima.—From Safford to Pima, along the south side of
the river, concentrations of dissolved mineral matter in the ground
water generally range from 1,000 to 2,000 parts per million. On the
north side of the river in this part of the valley concentrations are
somewhat higher than on the south, particularly near the mesa, and
in places reach 3,000 parts per million. Water in this part of the
valley contains increased amounts of sodium, chloride, and sulfate.
The bicarbonate content of many of the ground waters is unusually
high; several samples were found that contained more than 800 parts
per miilion. Some of the waters contained unusually large amounts
of nitrate.

Pima to Markham Wash.—Near the mouth of Cottonwood Wash,
which enters the river from the south at Pima, and along the south side
of the river there is an area extending downstream for almost 2 miles
from Pima where the ground water contains 500 to 1,000 parts per
million of dissolved matter. The water is of lower mineral content
near the river and of higher mineral content along the extreme southern
edge of the irrigated land in the valley. The rather low mineral
content of the water near the river probably is caused by the underflow
of Cottonwood Wash. Along the north side of the river below Pima
the ground water is more highly mineralized than on the south side,
with the concentration increasing downstream to the mouth of
Markham Wash, about 5 miles below Pima. In places the ground
water near the mouth of Markham Wash may contain as much as
9,000 parts per million of dissolved solids, and it sometimes contains
nearly as much sulfate as chloride, which is somewhat unusual for the
Safford Valley. Sodium is the predominant cation. On the south
side of the river from about 2 miles below Pima downstream to
Markham Wash increases in concentration occur, and in places near
the mesa there are small areas where ground waters have concentra-
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tions as high as 4,000 parts per million of dissolved solids, mainly
sodium and chloride.

Markham Wash to Fort Thomas.—Below the mouth of Markham
Wash the ground water on the north side of the valley is of somewhat
better quality than that just above the wash. For about 2 miles
down the valley the concentration of dissolved solids in the ground
water ranges from 1,500 to 2,000 parts per million. Below this area
the ground water increases in mineralization downstream until
opposite the gaging station near Ashurst, about 7 miles below
Markham Wash, it has a concentration of nearly 8,000 parts per
million of dissolved matter, consisting mainly of sodium and chloride.
Along the south side of the river for about 3 miles below Markham
Wash the ground water contains 1,500 to 3,000 parts per million of
dissolved matter, the higher concentrations occurring in localized
small areas and near the mesa, and here also the more concentrated
waters contain large amounts of sodium and chloride. Farther
downstream concentrated ground waters are found over a large
area, and the concentrations are higher than those found in ground
waters near Markham Wash. From a point about 3 miles below the
wash to Fort Thomas nearly all the ground water on the south side
of the valley has a high mineral content, concentrations of more
than 10,000 parts per million occurring in places. These waters
are of the sodium chloride type and because of their high mineral
content are totally unusable.

At Fort Thomas near Black Rock Wash there is a small area with
ground water of low mineral content. Wells in the wash flood plain
south of Fort Thomas yield some of the best water in the basin.
It has a dissolved mineral content of less than 200 parts per million,
most of which is calcium and bicarbonate. Where this ground water
leaves the wash flood plain and enters the alluvium of the Gila River
Valley there is a small area of ground water similar in character
to that found in the ground water of the wash flood plain, but the
effect of dilution decreases with distance from the wash. The size
of the area of ground water of low mineral content at the mouth of
this wash is variable and seems to be dependent on precipitation and
runoff in the wash drainage area. As much as a year may be required
before effects of heavy rains are noticeable in the enlargement of the
area of dilute ground water at the edge of the river valley near the
wash. The quality of water from individual wells in this area has
changed rather rapidly at times when the amount of underflow
of the wash changes.

Along the north side of the river, from the gaging station near
Ashurst to Fort Thomas, the ground water generally is highly miner-
alized and similar in composition to that on the south side of the valley,
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containing large amounts of sodium and chloride. However, near
the north edge of the irrigated land, ground waters with concentrations
of 3,500 parts per million of dissolved matter are found in places.
In most of this part of the valley concentrations are considerably
higher than 3,500 parts per million.

Fort Thomas to Indian reservation line.—Below Fort Thomas, on
the south side of the river near the mesa, water having less than 500
parts per million of dissolved matter occurs. This belt of water of
low mineral content widens downstream, until near the mouth
of Goodwin Wash, 5 miles below Forth Thomas, it occupies practi-
cally the entire width of the valley. Below this point to near the
San Carlos Indian Reservation line the belt of this type of water
narrows but is continuous along the south edge of the valley. The
water contains mainly calcium and bicarbonate and is probably derived
from underflow in Black Rock, Goodwin, and other washes entering
the valley in this area. On the south side of the river below Fort
Thomas the concentration of dissolved solids in the ground water
apparently tends to increase from south to north across the valley.

On the north side of the river, between Fort Thomas and the mouth
of Goodwin Wash, the ground water has a concentration of 3,000
to 4,000 parts per million of dissolved solids, consisting chiefly of
sodium and chloride. The temperature of water from some shallow
wells in the area was found to be as high as 97° F., or about 30°
above the normal for shallow ground waters in the valley. Many
other wells in this part of the valley also yielded warm water. This
fact, together with the chemical ‘character of the water, suggests
_that there is extensive leakage from deep-seated artesian aquifers in
the vicinity. The artesian water probably rises along openings caused
by faulting. Faults in the Tertiary and Pleistocene valley fill are
well exposed in the vicinity. On the north side of the river, from the
mouth of Goodwin Wash to the Indian reservation line, a distance

_of about 3 miles, the concentration of dissolved matter in the ground
water ranges from about 1,500 to 3,000 parts per million, sodium and
chloride being the principal constituents.

Indian reservation line to Calva.—Quality of ground water between
the Indian reservation line and the Calva gaging station was not
studied intensively. The area is largely uncultivated, and not many
wells exist besides the few that were driven for use during the
investigation. In general the water sampled in the Indian reserva-
tion contains 1,500 to 5,000 parts per million of dissolved matter,
mainly sodium and chloride. Near Bylas the concentration of ground
waters ranges from about 2,000 parts per million on the south side
of the valley to 3,000 near the river and 4,000 near the mesa on the
north side of the valley. In the vicinity of Calva the concentration
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on both sides of the valley is about 3,000 parts per million, but in
the bottom-land area the ground water is somewhat less highly
‘mineralized.

Goodwin Spring, which is just inside the Indian reservation near
‘Goodwin Wash, about 3 miles above its mouth, yields water containing
less than 300 parts per million of dissolved matter, mainly calcium
and bicarbonate.

Concentrations of more than 10,000 parts per million of dissolved
matter are reported by Schwennessen? for ground water on the San
‘Carlos Indian Reservation.

Graphical analyses—Three analyses typical of waters from the
Recent alluvium of Safford Valley are shown graphically in figure 6.
No. 3920 represents the more dilute waters of the Recent alluvium
and is typical of the underflow from side washes, which recharge the
alluvial fill in the lower part of the valley. No. 1037 may be con-
sidered typical of the waters found near the center of the valley at
Safford and Thatcher and of much of the ground water pumped and
used for irrigation in the Safford Valley in 1944. It has a sodium
percentage somewhat higher than the average but otherwise is
representative. No. 3484 represents some of the more highly concen-
trated water found in the lower part of Safford Valley southeast of
Fort Thomas.

WATER FROM TERTIARY AND PLEISTOCENE VALLEY-FILL DEPOSITS

Artesian wells.—The Recent alluvium of Safford Valley is under-
lain by Tertiary and Pleistocene valley fill, which was deposited when
‘the Safford Valley was a closed basin. Near the center of the valley
these Tertiary and Pleistocene fill deposits were laid down in a closed
lake or playa, which was more or less saline. These lake beds were
made up, for the most part, of very finely divided and almost imper-
meable material. However, tongues of sand and gravel occur in
them that contain water under artesian head sufficient to cause the
water to flow from wells drilled in the lake beds. The conditions
causing artesian pressure in this area are described by Knechtel.?
The area of recharge for the formations is mainly along the base of
the Pinaleno Mountains. Water occurring in the coarse materials
near the mountains is of good quality, and if it is intercepted by a
well before the water has passed through the lake beds in the Tertiary
and Pleistocene fill it may contain as little as 500 parts per million of
dissolved matter. Near Gila River, at the maximum distance from
the recharge area, the waters from artesian wells are likely to be

2 Schwenngssen, A. T., Geology and water resources of the Gila and San Carlos Valleys in the San Carlos
Indian Reservation, Ariz.: U. 8, Geol. Survey Water-Supply Paper 450-A, p. 22, 1921.

2 Knechtel, M. M., Geology and ground-water resources of the valley of Gila River and San Simon Creek,
Graham County, Ariz.: U. S. Geol. Survey Water-Supply Paper 796-F, pp. 209-212, 1938,



I%! WATER OF GILA BASIN ABOVE COOLIDGE DAM

highly mineralized. In all instances sodium and chloride are pre-
dominant in the highly mineralized artesian waters of the area.

The largest flowing well in the valley is near Pima. It is known as
the Mack well, and was drilled originally for an oil test. It reached a
depth of 3,767 feet. The flow measured in April 1942 was 1,350
gallons per minute.?* and the water had a temperature of 138° F.
The dissolved solids content was about 3,400 parts per million. A
flowing well with a much smaller yield and lower temperature, located
at Geronimo, is 600 feet deep and yields water containing 14,400 parts
per million of dissolved solids. In both wells the dissolved matter
consists largely of sodium and chloride. Only a few more artesian
wells exist near Gila River in the Safford Valley, but a number have
been drilled south of Safford in the Cactus Flat-Artesia district on
the flood plains of Marijilda and Stockton Washes. In this area
about 1,000 acres are irrigated, chiefly from flowing wells, which
generally yield warm water containing 1,000 or more parts per million
of dissolved matter consisting almost entirely of sodium salts, with
chloride and sulfate predominating. The waters also are generally
very high in fluoride.

Analyses for a number of the flowing wells in the Cactus Flat-
Artesia area have been published.?® A few of the wells in this district
were resampled in 1942, and there had been no significant change in
the chemical character of their water since the sampling by Knechtel
in 1933 and 1934.

Flowing wells have also been obtained in the vicinity of upper Ash
Creek, Cottonwood Wash. and adjoining areas. The yield of the
wells in these areas was generally small, and the water was of lower
mineral content in most instances than artesian waters found else-
where in the vicinity of Safford Valley. The waters low in dissolved
solids contain mainly sodium and bicarbonate. Those of higher
mineral content generally have sodium and chloride derived from
lake-bed formations with which they have come in contact.

A nonflowing artesian well furnishes the public water supply at
Bylas. The water is soft and low in minerals. It contains mainly
sodium and bicarbonate but is rather high in fluoride. It is likely
that the water yielded by this well comes from the coarser sediments
in the Tertiary and Pleistocene valley fill, which include small amounts
of soluble matter.

Attempts to obtain additional water supplies from artesian wells in
Safford Valley are probably not advisable because of the poor quality
of the water, especially for irrigation. Although some of the artesian

2¢ Morrison, R. B., McDonald, H. R., and Stuart, W. T., Safford Valley, Graham County, Ariz., Records
of wells and springs, well logs, water analyses, and map showing location of wells and springs, pp. 27-28,
U. 8. Geol. Survey and Arizona State Water Comm,, 1942. [Mimeographed.]

25 Knechtel, M, M., op. cit., p. 222._
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waters are soft, they are rarely good for domestic use because of
excessively high concentrations of sodium salts or because they con-
tain objectionable amounts of fluoride.

Ariesian springs.—In some parts of the Safford Valley the Tertiary
and Pleistocene fill deposits have been disturbed by faulting, and
through the openings caused by this faulting water comes to the sur-
face, forming springs. The larger springs of this type occur north
and south of Pima, at the Indian Hot Springs north of Eden, and
north and west of Fort Thomas. Water from nearly all these springs
contains 3,000 to 4,000 parts per million of dissolved solids and is
similar in chemical character to water from the deep Mack well near
Pima. The temperatures range from 119° F. at the largest of the
Indian Hot Springs to about 70° F. in some of the springs near Big
Spring Wash, north of Pima. The temperature of 70° is only about
5° above the average temperature of shallow ground water in the
area. As a rule the springs with low rates of flow have the lower
temperatures, and the concentration of dissolved matter in the water
may be more than 5,000 parts per million. The proportion of the
constituents are the same, however, for most of the springs. Near
the San Carlos Indian Reservation line the lake beds contain some
limestone strata, and north of Bylas a number of springs issue from
these limestone beds. These springs are thermal, and their water is
similar in quality to that from lake beds farther up the valley, con-
taining more dissolved solids than would normally be expected in
water from limestone beds.

Analysis 1816, shown graphically in figure 6, represents a sample
from the Beauty Spring, largest of the hot springs at Indian Hot
Springs near Eden, and may be considered typical of water from lake
beds in the area.

Chemical character of artesian water.—Water from the Tertiary
and Pleistocene valley-fill strata in the Safford Valley and surrounding
area generally is high in sodium and low in hardness. Even though
calcium sulfate, mostly in the form of gypsum, is relatively common
in the lake-bed formations of the valley, there is generally only a
comparatively small amount of calcium in the water from these beds.
It is possible that a natural softening process is going on in the lake
beds by means of a base exchange reaction as the water passes through
them. This effect has been noted in ground waters of other areas,®
and silicate minerals capable of base exchange reactions exist in the
Tertiary and Pleistocene valley-fill formations. Many waters from
the aquifers in these formations in Safford Valley have high fluoride
and borate concentrations. These constituents are usually present in

® Renick, B. C., Base exchange in ground water by silicates as illustrated in Montana: U. 8. Geol. Survey
‘Water-Supply Paper 540-D, pp. 53-74, 1924.
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much smaller quantities in ground waters from the Recent alluvium,
and the presence of large fluoride and borate concentrations in shallow
ground water indicates that such a water may be contaminated by
leakage of artesian aquifers in the underlying Tertiary and Pleistocene
fill. Such leakage, through fault openings or by slow seepage through
confining beds, may take place in several areas in the Safford Valley.

WATER FROM MINOR WATER-BEARING FORMATIONS

Some ground waters in the basin between Bonita Creek and Calva.
come from rocks other than those discussed. Gravel and sand in the
upper reaches of some of the washes entering the valley supply small
amounts of water for wells, and in places water is forced to the surface
by rock ledges in the bottoms of the washes to form small springs.
A few springs and wells obtain water from the fractured volcanic
rocks of the Gila Mountains. Some of the spring waters are thermal.
Occasionally small springs occur in the dense granites and gneisses
of the Pinaleno, Santa Teresa, and Turnbull Mountains. Waters
from all these sources are low in mineral content and contain mostly
calcium, magnesium, and bicarbonate.

In some places springs occur in the terrace gravels that cover the
mesas bordering the valley. In a few places the water from these
springs is low in mineral content, containing mainly calcium and
bicarbonate, but generally water from the terrace gravels is highly
mineralized because of the sodium and chloride it has leached from
underlying lake beds and can only be used for watering stock.

GILA RIVER BASIN FROM CALVA TO COOLIDGE DAM
SURFACE WATER
SAN CARLOS RESERVOIR

The San Carlos Reservoir, formed back of Coolidge Dam, if filled
to capacity (about 1,200,000 acre-feet) would back water up the river
to a point a short distance above the Calva gaging station on the
Southern Pacific Railroad bridge. The reservoir has never been
more than about two-thirds full, and most of the time since the dam
was completed in 1928 has been less than one-third full.

The analyses for Gila River at Calva show the quality of water
entering the reservoir from the Gila. Indications of the quality of
the reservoir water in 1941 may be obtained from the published an-
alyses for Gila River at Ashurst-Hayden Dam near Florence, Ariz.”
However, the water at this sampling point has been affected by many
inflows below Coolidge Dam and may be different from the water

27 Collins, W. D., Howard, C. 8., and Love, 8.'K., Quality of surface waters of the United States, 1941:
U. 8. Geol. Survey Water-Supply Paper 942, p. 65, 1943.
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in the reservoir. Water in the reservoir in 1941 was of much better
quality thian normal.
SAN CARLOS RIVER

San Carlos River empties into San Carlos Reservoir about 10 miles
below Calva. The San Carlos is a perennial stream for most of its
length, but during dry seasons there may be no flow at its mouth.
It is the last major tributary of the Gila above Coolidge Dam and
has a drainage area of 1,040 square miles above thie reservoir high-
water line. Most of the drainage area is mountainous and within the
Indian Reservation.

Analyses 3975 to 3980 are the only ones available for San Carlos
River. They represent the results of daily sampling during August
and September 1937 at the gaging station near Peridot. This period
of sampling probably represents a typical period of rapidly varying
summer flow. No extremely high discharges occurred during the
period, but the conductance of daily samples ranged from a minimum
of 46.4 on August 7 to a maximum of 109 on September 6. The
principal components of the dissolved matter in the samples were
sodium, bircarbonate, and chloride..

These analyses do not provide a sufficient basis for estimating
average dissolved solids concentrations of San Carlos River for a year.
However, the period of record includes days of very low flow, and it
appears probable that dissolved solids concentrations at low flow in
San Carlos River are much lower than concentrations at low stages in
Gila River at Calva.

GROUND WATER

During 1940 when the reservoir was at a very low stage several
observation wells were driven near the confluence of Gila and San
Carlos Rivers in an area generally covered by water of the reservoir
but dry during the summer of 1940. The analyses of water from these
wells (3981-3986) do not differ greatly from analyses for samples
collected from shallow wells in the area of thie Indian reservation near
Calva. These wells were flooded by the reservoir in 1941, and no
further observations could be made. No other wells in the area were
sampled.

PUBLIC WATER SUPPLIES

Available analyses of public water supplies in the Gila River Basin
and descriptions of the sources of these supplies are tabulated. (See
analyses 3987-3999.) Practically all of these public supplies are
obtained from ground water sources.

The Clifton supply is obtained from San Franecisco River and the
Safford supply from an infiltration gallery on Bonita Creek. The-
Safford supply was formerly obtained from reservoirs on Frye Creek
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in the Pinaleno Mountains, but it was not always adequate, and
ground waters in the vicinity of the town are too highly mineralized
to be satisfactory. When a replacement was necessary in 1936 the
infiltration gallery was installed on Bonita Creek about 5 miles above
its mouth. A pipe line about 24 miles in length carries this water by
gravity to Safford and also provides water for Solomonsville and
Thatcher. The system can normally furnish about 900,000 gallons
of water daily. When required, supplementary supplies are obtained
from the Frye Creek system and from wells in Safford.

The quality of most of the public supplies ip the basin is good, except
that some of the ground waters used contain rather large amounts of
fluoride. Hardness of the raw water at Duncan is rather high, but
the water is partly softened before delivery to consumers. None of
the other supplies are treated, except for chlorination.

RELATIONSHIP OF CHEMICAL CHARACTER TO USE OF
WATER

INDUSTRIAL USE

The chemical character of a water has great significance in de-
termining the uses to which the water may be put. This is especially
true of water to be used by industry. Certain industries require
water of particularly good quality, but the requirements for different
industrial processes vary greatly.

Hardness is the most objectionable characteristic in water that is
to be used in most industrial processes. It is due chiefly to the dis-
solved salts of calcium and magnesium, and when a hard water is
used in a steam boiler a hard and adherent scale of calcium and mag-
nesium salts forms inside the boiler. The silica in the water is also
precipitated and forms part of the scale. This scale decreases the
efficiency of the boiler and eventually has to be removed, often at
considerable expense. For special industrial uses various other im-
purities may be objectionable.

The Gila River Basin above Coolidge Dam is not highly developed
industrially. It is only at the mining settlements of Clifton and
Morenci that important quantities of water are used in industry.
Probably in almost any part of the basin where a new industry re-
quired a large supply of water of good quality there would be con-
siderable difficulty in obtaining it without excessive expense for treat-
ment. Trouble in obtaining water was experienced by the Phelps
Dodge Corp. and its predecessors in the original construction and
recent expansion of ore-treatment facilities at Morenci. During early
stages of development a water supply of suitable quality was found in
Eagle Creek, supplemented by wells put down along the creek, and
the water has been used for many years at Morenci, although a 1,500-
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foot pumping lift is required to raise the water to the point where it
is needed. Water from the Clifton well, which also was pumped to
Morenci in large quantities in 1943 and 1944, is of poor quality and
generally would be considered unsatisfactory for many industrial
purposes. Except for the generation of steam, however, most proc-
esses at Morenci do not require water of extremely good quality.

Expansion of the ore-treatment facilities at Morenci completed in
1944 required additional water supplies. Because of uncertainty as
to water rights the original plan of diverting water from San Francisco
River above Clifton was not carried out. Instead, an agreement was
made with the Salt River Valley Water Users Association under which
the Phelps Dodge Corp. was to be allowed to divert up to 14,000 acre-
feet of water annually from Black River, a tributary of Salt River, in
exchange for construction by the Phelps Dodge Corp. of a storage
dam on Verde River, another tributary of Salt River.

In 1944 a system was completed for the diversion of water from
Black River into the upper Gila River Basin by pumping from Black
River over the divide to the Eagle Creek Basin. The water flowing
by gravity down Eagle Creek to the existing point of diversion can
be pumped to Morenci. This complicated and expensive system
indicates the difficulty experienced by the Phelps Dodge Corp. in
obtaining satisfactory quantities of water and is typical of the diffi-
culty that might be experienced in the establishment of new industries
with large water requirements, as the waters of the upper Gila River
Basin are fully utili-ed by existing developments. Water supplies
for small industries, however, probably could be obtained in many
parts of the basin.

There are no industrial users in the basin, other than the Phelps
Dodge Corp., that consume appreciable amounts of water. Small
quantities are used in the cities and towns for steam generation.
Municipal water supplies are usually treated before being used for
these purposes to keep the calcium and magnesium salts in solution.
Ground waters in parts of the basin are used for railroad locomotives.
In Safford ground waters are used for air conditioning and cooling,
for which purposes their quality is not very important.

DOMESTIC USE

Water for domestic purposes should be free from excessive amounts
of dissolved mineral matter and unpleasant tastes and odors. It
should also be free from harmiful bacteria. Bacteriological examina-
tions are not made by the Geological Survey; hence the analyses in
this report do not indicate the suitability of water for human consump-
tion from that standpoint. Excessive quantities of dissolved mineral

879751—50—35
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matter give many of the ground waters and surface waters of the basin
an unpleasant taste and make them unfit for drinking.

PUBLIC HEALTH SERVICE STANDARDS

Standards with respect to the content of dissolved matter in waters
to be used for drinking and culinary purposes on common carriers
have been published by the United States Public Health Service.”
According to these standards, drinking water should contain no more
than 250 parts per million of chloride, 250 parts per million of sulfate,
and 125 parts per million of magnesium. For a water of “good chem-
ical quality”’ the total dissolved solids should not exceed 500 parts per
million, but if no such water is available a total dissolved solids content
of as much as 1,000 parts per million is permissible. Some flexiblity is
allowed in the other limits, depending on the quality of waters which
are available that meet the standards in other respects, for it is known
that many adults have used waters containing somewhat more dis-
solved matter than the recommended limits for many years without
ill effects.

FLUORIDE IN DOMESTIC WATER SUPPLIES

Excessive quantities of fluoride in a water may make it unfit for
domestic uses. It is in connection with drinking water that fluoride
content has its greatest significance, and in recent years this problem
has received considerable attention. It is commonly recognized that
waters containing more than 1.5 parts per million of fluoride are likely
to cause mottling of tooth enamel in children who drink such waters
while their permanent teeth are forming. Mottled tooth enamel is
common among the natives of the basin. The occurrence of fluoride-
bearing waters in the basin has been discussed, and their distribution
can be studied in the tables of analyses in this report.

AVAILABILITY OF SATISFACTORY DOMESTIC WATER SUPPLIES

In most of the populated areas of the basin ground waters are the
most likely to be suitable for small domestic supplies, although surface
waters are utilized for some public supplies after treatment to make
them safe for drinking. From analyses given in this report it is
apparent that waters from a large part of Safford Valley and smaller
areas in other parts of the basin are too highly mineralized to be satis-
factory for most domestic uses. However, in 1944 there was prac-
tically no part of the basin with a permanent population located more
than a few miles from a supply of water satisfactory for domestic
use. In the vicinity of San Simon only a few waters were found that
contained sufficiently small amounts of fluoride for them to be satis-
factory for drinking water for young children, and in this part of the

2 Public Health Service drinking water standards and manual of recommended water sanitation practice:
Reprint no. 2697, U. 8. Pub. H alth Serv. Repts., vol. 61, no. 11, pp. 371-384, Mar. 15, 1946,
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basin, drinking water free from excessive amounts of fluoride might be

difficult to obtain.
LIVESTOCK USE

Drinking water for livestock is of importance in the basin. Al-
though large quantities of water are not required for this purpose, a
large number of small scattered developments are necessary. The
quality of water need not be as good as that for human consumption,
for most animals can tolerate water several times as concentrated as
can be used by man. Only the most highly mineralized waters of the
basin are unsatisfactory for livestock.

IRRIGATION USE

In the upper Gila River Basin a very large amount of water is used
for irrigating crops. Compared with the quantities used in this
manner, the quantities used in other ways are insignificant.

In irrigation practice the water applied is disposed of in several
different ways. Part is evaporated, and part is used by the plants
in their growth or is transpired by them. If an excess of water is
applied to the land, part of the excess will run off the surface of the
field, and part probably will penetrate the soil below the root zone
of the plants and continue down to the ground-water reservoir. The
dissolved solids that were originally contained in the water cannot be
evaporated or transpired. They may be used to some extent by the
plants, but most of them must be removed in some other manner, or
continued application of irrigation water may vesult in such a large
accumulation of salts in the soil at the root zone of the plants as to
affect plant growth. The concentration of dissolved salts in the root-
zone water is usually several times that of the applied irrigation water
but should be kept within certain limits. Harmful accumulations of
salts in the root zone can generally be prevented by adding an excess
of water during irrigation so that some of the water passes downward
to the water table, carrying with it salts leached from the soil. Where
the drainage of the land is as good as it is in the Safford Valley this
procedure is generally effective, but the more dissolved mineral
matter the irrigation water contains when it is applied the more diffi-
cult it is to hold down the concentration of the dissolved solids of the
root-zone water.

This is only one phase of a problem that becomes more complex if
the water used has a high percentage of sodium. The analyses in
this report include a computation of the percentage of sodium where
sufficient analytical data are available. A water containing a high
percentage of sodium tendsfto cause & base exchange reaction in the
soil when used for irrigation. In this reaction the calcium in the
soil is replaced by the sodium in the water, and as a result the soil
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becomes less permeable and is more difficult to cultivate. The base
exchange reaction cannot be prevented by using an excess of water, but
in some areas it has been controlled by adding gypsum to the water
or soil. This treatment increases the amount of calcium in the water
and retards the base exchange reaction.

BORON IN IRRIGATION WATER

The element boron is essential to proper plant growth. If, however,
boron is present in water or soil in excess of a few tenths of a part per
million some plants are likely to be damaged. Therefore relatively
small amounts of boron in irrigation water may make the water unfit
for use on certain types of crops, and the concentration of boron may
be sufficient to render the water entirely unfit for all but the most
boron-tolerant plants.

Irrigation water containing more than 0.5 part per million of boron,
2.7 parts per million when reported as BOj;, can damage the more
sensitive crops.® The crops most sensitive to boron are lemons and
grapefruit,® neither of which are grown in the upper Gila River Basin.
Peach, apple, and pecan trees are reported to be sensitive to boron.
The first two are grown to a limited extent in Safford Valley and
elsewhere in the basin, and in recent years pecans have been cultivated
in considerable quantity, though largely in the upper part of the
Safford Valley. Cereal grains, corn, and cotton are reported as
semitolerant. It is possible that ground waters in some parts of
the lower Safford Valley contain enough boron to injure cotton if the
soil is not sufficiently well-drained to prevent accumulation of boron
in the soil. Onions, alfalfa, and sugar beets are considered tolerant
and probably would not be damaged by waters containing relatively
high concentrations of boron.

Damage from excessive boron concentrations has not been reported
in the Safford Valley or other parts of the upper Gila Basin, but it is
possible that continued use of ground water for irrigation may cause
damage from this element in time if the ground waters containing
large amounts of boron are used to irrigate sensitive crops.

CLASSIFICATION OF IRRIGATION WATERS

From the aspects of the problem of quality of irrigation waters
which have been mentioned, it is apparent that it would be difficult
to fix definite limits for mineral content of satisfactory irrigation
water. Besides the effects that may result from the way in which a
water is applied to the land, the texture and drainage of the soil, and

 Scofield, C. 8., and Wilcox, L. V., Boron in irrigation water: U. 8. Dept. Agr. Tech. Bull. 264, pp. 9-10,
1931.

 Eaton, F. M., Boron in soil and irrigation waters and its effect on plants: U. 8. Dept. Agr. Tech. Bull
448, p. 9, 1935,
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sensitivity to salts of the crops grown, there are further influences,
such as the climate and rainfall of the region, which may be of con-
siderable importance. A flexible set of standards for classification of
irrigation waters on the basis of the dissolved solids that they contain
has been prepared by the Department of Agriculture.®® Three classes
of water are set up as follows:

Specific conductance (KX 10 at 25°  Class? Class £ Class 3
Cl) oo <100 100-300 >300
Boron (p. p.m.) oo <0.5 0.5-2.0 >2.0
Borate (p. p. m.) o oo _____ <2.7 2.7-10. 8 >10.8
Sodium (percent) .. ... _________ <60 6075 >75
Chloride (P. P» M.) oo <177 177-355  >355

Waters in class 1 are considered “excellent to good, suitable for most
plants under most conditions”; those in class 2 ““good to injurious,
probably harmful to the more sensitive crops’; and those in class 3
‘“injurious to unsatisfactory, probably harmful to most crops and
unsatisfactory for all but the most tolerant.”

The same publication lists the crops that may be grown satisfac-
torily on soils of weak, medium, and strong salinity. Plants most
sensitive include beans, field peas, oats, and wheat. Less sensitive
plants include onions and most of the other vegetables, most grains,
and grain crops raised for hay. The plants most tolerant to dissolved
solids include cotton, alfalfa, sugar beets, and most grasses.

SURFACE WATERS USED FOR IRRIGATION

On the basis of these standards, it is possible to evaluate roughly the
water supplies in the Gila River Basin above Coolidge Dam for use in
irrigation. All the surface waters and probably most of the ground
waters used for irrigation in the Duncan-Virden area are of “‘excellent-
to-good’” quality. However, the ground waters in sections of the Gila
Valley southeast of Duncan and between Duncan and Virden are
either in the ‘‘good-to-injurious” or ‘injurious-to-unsatisfactory”
classifications. These waters were not being used very extensively
for irrigation at the time of the investigation. Little trouble has
been encountered in the Duncan-Virden Valley with excessive amounts
of salts in the soil in the past, and, unless larger quantities of the
more highly mineralized waters are used, little trouble from this
source may be expected in the future. Some of the more sensitive
crops are rather widely grown in this part of the basin, and they would
probably show the effects of excessive salt content of the soil rather
quickly.

# Wilcox, L. V., and Magistad, O. C., Interpretation of analyses of irrigation waters and the relative

tolerance of crop plants, 8 pp., Riverside, Calif., U. 8, Bur. Plant Industry, Soils, and Agr. Eng., May 1943,
[Mimeographed.]
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In the lower part of the basin the surface waters are generally not
as good in quality as those available for use in the Duncan-Virden
Valley. An indication of the chemical character of surface waters
available for irrigation along Gila River below Bonita Creek may be
obtained from the analyses in this report. Because the demand for
water for irrigation is highest at times of low river flow when salt
concentrations in the water are near their maximum, the average
concentration of water diverted from the river is likely to be higher
than the annual weighted average computed for the river at the point
of diversion. Even at low flow, however, the water of the river at
the gage near Solomonsville is generally in the upper part of the
“good-to-injurious” classification. Since the average quality of
water diverted is probably better than that of the river at low flow,
there is little reason to believe that surface waters would be likely to
cause any difficulty from salt accumulation in the upper part of the
Safford Valley. The area is well-drained, and in the past the quan-
tities of water applied were in excess of the amounts actually required
by the plants, which resulted in continuous leaching of the soil and
root zone. In only a few small areas was damage from salt accumula-
tion above Safford reported in a soil survey of the area made about
10 years ago.® ’

Below Safford the concentration of dissolved matter in the river
water increases rapidly, and canals diverting water from the river in
the lower part of the Safford Valley may at times receive water that
is near or within the “injurious-to-unsatisfactory” -classification.
When the river flows are higher the water is generally much better
in quality, and at least a part of the damage done by use of the more
concentrated waters may be remedied by heavy applications of the
flood waters. The average quality of surface water used in most of
the lower part of the Safford Valley is poorer than that of water used
above Safford and probably is near the “good-to-injurious” class.
Some damage from accumulation of salt may be observed in parts of
the lower Safford Valley, and it was reported in several areas by
Poulson and Youngs.®

It is generally believed by residents of the Safford Valley that lands
in the upper part of the valley are considerably more productive than
those in the lower part. Drainage conditions are good in most of
the lower part of the valley, and the crops raised are those less sensi-
tive to salts, so that waters of rather poor quality can be used without
the damaging effects that might be the result of using similar waters
in less well drained localities. The weighted average analysis for
Gila River water at Bylas indicates that the water reaching the San

# Poulson, E. N, and Youngs, F. O., Soil survey of the upper Gila Valley area, Arizona: U, S. Dept.

Agr., Bur. Chem. and Soils [Soil Survey Rept.], ser. 1933, no. 15, 1938,
# Poulson, E. N, and Youngs, F. O., op. cit., p. 29.
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Carlos Reservoir from this source during 1943 and 1944 was of the
“200d-to-injurious” type. In a year of higher flow the water would
probably have been of somewhat better quality. From the stand-
point of quality, waters of Gila River used for irrigation in the Safford
Valley have apparently been satisfactory, and they have caused little
damage on the whole, in spite of their occasional high concentrations
of dissolved mineral matter. If conditions should continue in the
future about the same as in the 60 years before 1940, there would be
no reason to expect any great amount of trouble caused by salinity
from continued use of Gila River water.

GROUND WATERS USED FOR IRRIGATION

Artesian water—Water from artesian wells is used to some extent
for irrigation in the basin. In the Cactus Flat-Artesia area, near the
town of San Simon, and in a few places along the northern edge of
the Pinaleno Mountains, there are small acreages irrigated mainly with
ground water from flowing wells. In most of these places the acreages
under cultivation have decreased in recent years, generally because
the flow from the wells has decreased. Except in the Cactus Flat-
Artesia area these artesian waters are low in dissolved matter. There,
however, most of the waters are rather highly mineralized, and all of
them have a very high percentage of sodium. Continuous use of
these waters for irrigation has noticeably impaired the productiveness
of some of the land in the Cactus Flat-Artesia area.

Artesian water is available in the Safford Valley, but because of its
poor quality it is used for irrigation to only a very limited extent.
For several years the highly mineralized water from the Mack well
has been allowed to flow into the Dodge-Nevada canal below Pima
and mix with the surface water in the canal, and the resulting water
has been used for irrigation. Analyses of water from the canal below
the well and of water from the well show that at times the canal water
practically all comes from the artesian well. Like other artesian
waters in the Safford Valley, the water of the Mack well contains
large amounts of sodium and chloride, the percentage of sodium being
very high. The well water is classified ““injurious-to-unsatisfactory,”
but if mixed with large enough amounts of dilute surface water the
mixture probably is suitable for some crops.

Shallow ground water—The entire problem caused by the salt con-
tent of irrigation waters in the Safford Valley has probably been greatly
aggravated in recent years by the increasing use of shallow ground
waters for irrigation, though the seriousness of the problem is not yet
fully realized in most of the area. TUse of shallow ground water in the
Duncan-Virden Valley and more especially in the Safford Valley to
provide supplementary supplies for irrigation has increased greatly
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since its beginning about 1938. In 1944 one-third to one-fourth of
the total amount of irrigation water used in the Safford Valley came
from wells, but only a small area is entirely dependent upon shallow
ground water for its water supply.

In the Duncan-Virden Valley the quality of ground waters that are
being used extensively is probably satisfactory, but in the Safford
Valley the conditions are very different. It is recognized that much
of the recent development of ground-water irrigation in the Safford
Valley was necessary to insure a sufficient quantity of water for all
the land that is under cultivation when the river is at law stages.
However, in many instances little attention has been paid to the qual-
ity of the ground water and its suitability for irrigation, and much
water has been pumped and used that should be classified as unfit for
that purpose. There are ground waters in parts of the Safford Valley
that contain small amounts of dissolved matter and can be grouped
in the ‘“‘excellent-to-good” class. However, most of the ground water
that is pumped from the irrigation wells is either near the upper limit
of concentration for the ‘“good-to-injurious” class or within the
“injurious-to-unsatisfactory’” group.

If the ground waters are to provide each year as large a part of the
irrigation supplies as they did in 1944, precautions will be required to
avoid serious damage. It is possible that the drainage of the valley
is sufficiently good to allow the continuous use of waters that would
elsewhere be considered unfit for irrigation, but this cannot be ascer-
tained until the extensive use of ground waters has been continued
for a longer period. In the meantime it should be more widely recog-
nized that many of the waters being pumped and used for irrigation
in the Safford Valley are more highly mineralized than would usually
be considered satisfactory and that such waters should be used with
care.

Irrigation practices that are followed in parts of the Safford Valley
tend to counteract to some extent the effects of the highly mineralized
waters. A large amount of the pumping is done by the various or-
ganized canal companies in the valley, and the water pumped by them
empties directly into main irrigation canals where it is mixed with
water from Gila River. This mixture applied to the land from
the canals diverting water above Safford is probably of satisfactory
quality for irrigation most of the time. The river water available at
times of low flow for canals diverting below Safford is likely to contain
considerable amounts of dissolved matter and may not be appreciably
better in quality than the ground water pumped into the canals.
Also ground water pumped in the lower parts of the valley is likely
to be more highly mineralized than that obtained above Safford.
At times of high flow the water from the river is of satisfactory quality,
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but generally little pumping is done at such times. Much ground
water throughout the valley is pumped by individual well owners or
from wells owned by two or more farmers and is applied directly
without mixing. In some instances the salts that may be left in the
soil by the ground water thus used may be leached out by later irri-
gations with water of low mineralization from surface sources.
Tt is, of course, inadvisable to use for irrigation ground waters con-
taining amounts of dissolved matter greater than the lower limits of
the ‘‘injurious-to-unsatisfactory’” class, except in emergencies when
no other water is available.

REMOVAL OF SALTS FROM THE BASIN BY DRAINAGE INTO GILA RIVER

Earlier in this report it was shown that the soluble salt load carried
by Gila River past the Calva gaging station during the 1944 water
year was 105,000 tons. This salt load was 20,900 tons greater than
the load carried by the river past the gaging station near Solomons-
ville in the same period. According to the usual concept, a favorable
drainage condition in an irrigated area is indicated when a greater
quantity of soluble solids leave the area by drainage than enter the
area in the water supply.

The simplest interpretation of the gain in salt load of Gila River
as it passes through Safford Valley would be that a favorable drain-
age condition exists, with excess soluble salts being removed from the
soil and carried off in drainage waters. However, the significance of
the observed gain in load of Gila River in Safford Valley cannot be
interpreted so simply. Unknown and probably large quantities of
soluble matter are added to the Calva load by surface runoff entering
the river below the Solomonsville gaging station. Inflows of artesian
water which occur in the lower part of the valley contribute large
amounts of soluble salts to the area. The amounts so added are
probably sufficient to equal or exceed the observed gain in load of
the river from the head of the valley to Calva. Soluble salts from
these two additional sources represent for the most part leaching of
Tertiary and Pleistocene fill deposits rather than irrigated land, and
the gain in river load thus produced is not indicative of conditions
in the irrigated lands. Although it is probable that drainage condi-
tions are generally favorable in much of Safford Valley, the observed
gain in load of soluble matter of the river should not be taken to
indicate that soluble salts are not accumulating in any of the irri-
gated soils of the valley. _

The extent to which the data for the 1944 water year may be indi-
cative of conditions in other years is not known. The period was
abnormally dry, and the results for the year probably are not the
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same as would be obtained in a period of normal or above normal
precipitation and runoff.

In considering the ‘‘salt balance” for the valley the situation is
further complicated because of the increasing use of ground water
for irrigation. If the ground water pumped in 1944 had an average
concentration of about 2 tons per acre-foot (based on analysis 1,037,
fig. 6), the total pumpage of about 52,000 acre-feet * in the valley
that year would have contained 104,000 tons of dissolved salts, a
quantity practically equal to the 105,000 tons of dissolved matter
that left the valley in the river at Bylas during the year. If the pro-
ductiveness of the lands of Safford Valley is to be maintained, the
salt left by evaporation and transpiration of the irrigation water must
be disposed of in some way. If it all were leached from the soil and
returned to the ground water and the ground water did not increase
in concentration, nearly all the quantity should show up as a gain in
salt load of the river in the valley. These would, of course, be impos-
sibly ideal conditions, and some accumulation of salts in both the
soil and ground water probably cannot be avoided. However, unless
the future annual gain in salt load of the Gila River between the
Solomonsville and Calva gaging stations averages several times as
much as that for the year ended September 30, 1944, it would seem
that significant quantities of soluble salts are accumulating in the soil
and shallow ground waters of the Safford Valley, particularly in the
lower part of the valley.

ANALYSES OF SURFACE WATERS AND GROUND WATERS

The analyses of surface-water and ground-water samples from the
Gila River basin are included in the following tables. Each analysis
has been assigned a number for purposes of identification.

# Turner, S. F., and others, Ground-water resources and problems of the Safford Basin, Ariz., p. 8, U. 8.
Qeol, Survey, 1946. [Mimeographed.]
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Chemical characier of ground waters in the Gila River Basin above bridge on

= O
. [4 éfa 5
=] e | e
) Source Location Date sampled | ° 8 2l R
B P
E & |2L|8
=] » 3]
T.98., R.32E.:
101 | Dug well NE¥NWY sec. Qeeauaa| Oct. 21,1941 67
T.88., R.32
SW}/SE}/ sec 84 Feb. 26.1941 | 15
NESW{ sec. 34 SR [}
N
sec. -=-=-do,
}/‘SEV sec. 17 .. Jan. 31,1940 | 71 |______
NW}/ NW2{ sec..19 ... Feb. 29,1940 [ 30 [._... 63
..... U Oct. 31,1941 | 30 [._....| 66
. v swySEy sec. 19. 36 61
110 | Franklin irrigation distriet well.__ SE%SW% sec. 28 77 58
111 | J. D. Wilkins domestic well........| SE¥NW{ sec. 29 0 60
112 | J. D. Wilkins stock well .. _...... SEXSEY sec. 30-cmnn.-- July 26,1940 | 20
113 | Delbert Moyers stock well___.__._..|] SEX¥SW{ sec. 82.co.o-. Feb. 29,1940 |110 66
114 f-——-- do. _do_.... Oct. 20,1941 |110 66
115 | V. L. Crotts irrigation well ________ SWYSE} sec. 33........| Aug. 7,1940 | 50
G. A. Moffett irrigation well. SENW{ sec. 34.. 61
SW}/NE}’ sec. 34. gi
64
64
------ 64
63
Mar. 4,1941 | 92 63
do. 92 64
Mar. 5,1041 | 92 63
Mar. 6,1941 (92 [._____ 63
63
NW}/ NWY{ sec. 32..__..
do-_..-- July s 1941 10
132 }-.-.-do do. Aug. 1,1944 25
133 | Seep on right bank of Gila River._.] NW%SWY sec. 34.._...._ July 8 1941 | 1 80
134 Spvl;’m% near mouth of Railroad SWYNEY sec. 33
135 | Seep on (ila River bank_________.__ SEYSWI{ sec. 20. do. 1 72
136 | D. E. Wilkins unused well._._....__ TI\{]%%I;I{W&( ]s;jec. 32......] Feb. 29,1940 | 18 54
137 | Drilled stock Well.oooooooeemeeeeo NWI s6¢. 83— omeeeee Sept. 15,1941
T.88., R.31E.:
Franklin irrigation distriet well . ___ SW}/NEV sec. 11oooe..o Aug. 8,1940 | 71 53
. Aug. 12,1941 | 71
- do. NW}/SE}/ seec. 11.__.__. Aug. 8,1940 | 75 51
141 {0 et July 9,1941 | 75
142 | J. C. Campbell domestic well._..__ SEVSEV sec. 12. ... Jan. 31,1040 { 60 |_..... 67
143 |- do Oct. 23,1941 | 60 .. .. 68
144 | O. W. Claridge irrigation well.__.._ TI\I7EéySEy see. 13| July 8,1940 | 50
145 | Z. A. Woods irrigation well.___.____ 5NE}/ 4 sec. 16 ... Oct. 3,1940 | 29
146 | M. M. Casper domestic well__.___..| NE¥NW sec. 16. Mar. 1,1940 | 27 |_____. 53
147 | E. Campbell domestic well___ NEYSWI4 sec. 21... Jan 31 1940 | 38
148 | W. M. Zumwalt domestic well__ E4NWY{sec. 34 .| ____.do.______. 52 61
149 { Spring on left bank of Gila River__ SE{NEl{sec. 8 ... July 10 1941 | .. 3 81
150 | Spring on right bank of Gila River. TI%]%VNE%{ %:ec 8. 5 62
151 | Driven observation well.___________ SEWNWl{sec. 7o cameee-- Mar. 2,1941 |15 |_..... 68
152 | J. H. Chapman domestic well__ SWI{NW see. 20. -| Jan. 31,1940 | 36.3 63
153 | Seepage in Gila River channel. NWYNEY sec. 18..___.} July 10,1941 1 80
154 | Spring in Gila River channel __..__ SW%{I*{}E}::/1 sEe. 7 do 10
155 | Dug well SEI{NW sec. 6-.on.... Oct. 17,1941
T.68,R.30E.:
156 | Spring at mouth of small wash__.__ NEVSW 8eC. 1oecoenno July 11,1041 | _____ ) O I
157 | Spring on right bank of Gila River. Ts;vgsgv 3‘)s%c. ) SRR SR 1) 15
158 | Spring at contact, volcanics-fill..._ SYNE sec. 11.-—oooe.e Sept. 24,1941 2| 70

1 Samples for analyses 118 to 120 were taken at intervals during a pumping test.
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United States Highway 666 south of Clifton, Greenlee County, Ariz.
[Analyses in parts per million]

77

a 8 <H h Dissolved
R 25 | @ 2 lal~|3| 2| st |%s g
se | o = las|l & |0 |& S S| B
BT |E lgu@| S| 2 | S35 |88 %5 Tas 52| 2
5.0 5 |g2(855 S8 | 5 | €2 |35 | 5 |Be ||| ¢
Sdwn| 2 |BS|SRE| V| 2 | B E|E |t |fles|Et:
o |2 |a @ g ||k |Z |8 |&F|g3|e | &
2 | 45|30 a36] 205| 893(15 | 3.5(28 |- 1,601 {218 | 273 | 718
100 88 | 19 | | e|sr | 40l [ 623 | .85| 208| 48
99.0] 86|20 124 494] o136 | 39] 67 611 297 48
104 2 | 19 1o| s2| o3 | 37| 50| 634 | (86| 303| 48
go.5| 74| 13| 17| 38| zel3 | &1 | [T 489 | 67| 10| &7
133 61| 660 |11 | 18| 8| 2 255
167 365 350205 | 31|10 578
194 302 | 246
8 ... 272 | oo jur | Lo | 1o Il &0
99 8| 100| 307| 153 |44 10 [ .83 | 310 |3
300 602 850125 | 46| .5 278
130 o14| 604 | 4600 120
400 349 1,600 (480 | 3.1| 1.0 94
409 349 472
360 280 | 1,305 (225 300
141 82 |2 30| 331 | '368 |45 | 20 |- 877 | 1.10°| 266 | 63
126 95 | 21 19| 4se| 2u7|a 82| 1L12| 33| 85
117 | 8618 160 | 467| 185(43 722 | 08| 28| 55
115 86 | 18 167 43| 18138 73| Jo7) 29| B4
1id 86 | 17 15| 468| 17838 704 | .96 | 285 | 54
115 86 | 18 12| 48| 17538 700 195| 289 ) &3
115 86 | 18 151 48! 13|87 696 | .95| 280 | 53
113 86 | 19 151 466| 17937 702 | ‘95| 23| 53
121 88 | 22 164| 473 | 18660 753 | 1o2| 310] 53
115 88 | 19 15| 43| 18739 22| o | 28| 3
17 | 8920 13| 471| 18839 721| .o8| 304] 52
19 | 86|19 14| 4| 197] 40 79| 1.01| 28| 55
119 92| 10| 47al 190 |38 736|100 | 324| 50
121 94 73 154| 4m| 205|4 72 1.02] 39| 50
201 32 | 35 39| 63| 3w |31 [T 1,260 | L71| 24| 79
308 26 | 48 847 | 504 | 053|400 | 28|15 |l 2620 |3.56| 262| 88
217 | 3640 s63| 5| 61526 | 46| .0 1790 | 243 ] 254 83
.3| 73|16 49| a30| 6|z | 3| ‘2[ 371 | 50| 2a8| 30
88| 7|38 63| ar| s34 | 18| 12| 511| .60| 353| 28
140 | 10333 182 361 35980 9| 5.0 |oeeeee 9 128 | 303| 50
250 72| ‘15| | 26| .6 270
22) 2| 72 e8] 18| 4lu 8 53|, 22| .3¢| sl 65
4 | 13020 195 as0) sorhoes [l 1,006 | 1.37] asa| 49
1 | 1032 16| 4| wuriss |is| Lol 850 | 1.16| 352| &2
72 | 8017 63| 282{ 9952 |oee—0.. 40| 61| 20| 34
6.6| 6413 | 20| @3 |[TT[0| a0 | e8| 23|
78 28| wolss | 20| 14 142
124 231 185 .
102 86 | 3a0isa | 105
54 | 56|14 2| o] s || 300 | .42] 197] 32
4 17| 12l18 |2 UE 135 |-
58 23| 16|26 0| 18 N 202
74 315 30|34 | 11| 38|l 240
626 70|32 w| | w2 | 13| el 374 | 51| 265 | 25
30.0| 40|12 25| 169 41|13 | nal e[ 26| 20| 49| 2
67.0 | 48 |12 0| o2l sij3¢ | vol 6| 05| .55| 160 | 54
125 297 | 100 122 | 34| 15 54
63.3 | 75 |1 ™| 27| 71|34 1) L | | e o TR
5.0 36|33 24| 28| 66|26 | 11] 12| 288 | (39| 225| 19
75.9| 8733 34| 312 81| 6| 25| ws| o1 | 33| 17
55.8| 2| 7.4 o] 22| sl | ne) n2|.. 328 | .45| 90| 69
9.7] 16| 57 91| 196( 53(20 | L4| 8| 204 40| 63| 76
1 a70| 55|22 15 20( 10| 70| .4 25| 255 | .35| 208 | 13
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Chemical character of ground waters in the drainage basins of San

ey -~
8 E B
= P -
. = é Q| o
o [ =
z . E |3E| B
o Source Location Date sampled o y-g ‘é
5 2 |= =
| a2l | 8
< Q| > 3]
213 | Seep at Clifton Hot Spri Ti\i‘lvgf/g]é}g/o o0, 30 Oct. 29, 1940 120
eep & on Hot Springs__. 4SE1{ sec. 30 ct. 29,
214 |_____do. o [\ SN R do..._. 104
25 | ... do. _.do Aug. 11, 1943 | feeeen 100
216 s L T NS (51 T, A [ 7 YRR PSSV U, 105
A7 |oo_ do. do Jan, 10, 1944 110
218 Oliftm]uln Mineral Hot Springs NEYSEY sec. 30..._.| Ang. 11, 1941 22 120
well.
219 do ——--do June 15, 1043 22
220 \__.__ P L U do Aug. 1, 1944 79
221 | s [\ S P4 T M, Nov. 1. 79
222 Pheéﬁs Dodge Corp. Clifton NE¥NWY sec. 30....| Aug. 11, 1941 90 |-memme fammaem
well.
223 July 21, 28,1943 ___
224 Aug. 4,11,18, 25 ___.
225 Sept. 1,8, 15,22, 20__[-eneo
226 - Oct. 6.
P22 FO . T Y F do o] Ot 13
228 | Q0o [ do._.. Oct. 20.
229 | Q0| do. Oct. 27. —
280 [ O do. 0L 2 T
B Q0 e do NOV, 17 e[ e
b 20 I T R, N do. oYY T, I
233 ——a-_do. Dec. 8
234 _ do. A Dec, 15
235 | O e do. Dec. 29
b1 8 TR [+ T R do Jan. 5, 1044
by T Vo U R do.. Jan. 12
238 | QO e s Jan. 19..
239 -_--.do. Jan. 26.
240 —a---do Feb. 9
241 | Pool in old tailings dump south NEY sec. 81 cammaaars Aug. 11,1941 _|omee
of Clifton.
T.48,R.29E.:
242 | Seepage from tailings dump, S6C. 8 mmmee May 9, 1942 e |ommmnc | mmeen
new Phelps Dodge mill.
243 | Spring in bed of Chase Creek..| SE} sec.3 __..o—._ Nov, 1, 1944. 15
244 | Drainage from abandoned eop- |----- do. do.
per mine.
A5 | Ao el s Y Nov. 27, 1943 127
T.48, R.28E.:
246 | Phelps Dodge Corp. well at Sec. 9. July 27
Eagle Creek pumping sta-
tion.
Aug.4,11,18,25 ____|eeo.o
Sept. 1, 8, 15, 22, 20__
Oct. 6 ———-
Oct. 13
Qct. 20 [
Oct. 27.
A 0) 0 S F—
Nov. 17. _—
Dec. 1
Dec. 8
Dee. 15
Dec. 29.
Jan. 5, 1944 oo ||
Jan. 12
Jan. 19.
..... do. ----| Jan. 26
-----do Feb. 9. [ —

! Includes 142 parts per million potassium (K). .

1 Includes 58 parts per million silica (Si0s) and 0.19 part per million iron (Fe).
3 Includes 74 parts per million potassium (K). L.

4 Includes 57 parts per million silica (3i0s) and 0.65 part per million iron (Fe;.
8 Includes 55 parts per million silica (8i03) and 0.16 part per million iron (Fe).
¢ Includes 51 parts per million silica (SiOs) and 0.16 part per million iron (Fe).
7 Includes 37 parts per million potassium (K). -

8 Includes 42 parts per miilion silica (Si01) and 0.16 part per million iron (Fe).
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Francisco River and Eagle Creek, Greenlee County, Ariz.
[Analyses in parts per million]

&~ Q 2 Dissolved
EO ~ | B 8 solids 2
o c) aid o g
38 ~ g + < = ; a =
B2 | 8] 7| 8 2 S| BElgl|d |3 |= g gsl 5 | S
g | 2 5 =% = 2 14 B |z g g £ -38 e |z
= k= a =z @ @ ~ o) 5a by S @ @
2 Z | g S 2| 8| s g8 | 88| 23 5 | &
S E | % ._.,5 a 2 ) £ | 8 | 2 = & ° g5
8 B g | &5 § 8 k] 8 g e | B 2 3 g | g
<) 3 5] g 2 = = = = ] & S 3 ) g
@ o] = ] = @ &) > z n | &~ 3] = [ <
1,620 | 767 |37 2,540 | 111 110 5,230 | 4.3 8,740 1.9 2,086 | 73| 213
1,520 | 78243 2,570 | 1 138 5,280 | 4.1 8,880 1121 (21 72 | 214
1,500 | 754 | 41 2,620 | 129 178 5,280 | 5.0 8,940 [12.2 |2] 74 | 215
1,300 | 61938 | 2/212| 152 65 14,470 | 3.6 7,490 [10.2 (1,701 | 74 | 216
1,65 860 | 41 [12;810 | 109 | 153 5,800 | 3.0 | 7.5 | 4.0 [29,790 [13.3 2,310 | 70| 217
1,45 | 711|48 | 2,4% | 126 75 16,000 | 4.0 4.0 |- 8,330 [12.5 1,972 73| 218
1,580 | 750 |33 | 2.600| 128 | 120 {5,260 |ooeo_ | |____ 8,830 {12.0 2,007 | 74 | 219
) %133 385 | 17 |31,670 | 168 00 (3,030 | 41|10 | 25 [+5320 | 7.24 956 | 77 gg
"an 145713 583 | 181 | 46 [1,060 | 1.8 | 2.0 |- 1,030 | 2.62 | 415 | 75| 222
342 | 133 02| s64( 107 34| 090 | 10| 10| 10| 1,820 |249| 370| 77| 228
502 | 231 | 24 763 | 132 50 |1, 540 8| 5| 20 2730|371 e75| 71| 224
943 574 | 45 1,353 | 141 67 |3,100 9| .5| 2005260 | 7.15 |1,618| 65| 22
856 | 465 |38 | 1,310 | 121 50 (2,830 o| 10| Lo|a7eo|647|1320] 68| 226
649 | 317 | 23 1,030 | 190 50 2,070 | .9 10| 103590 48| 8se| 72| 227
559 | 258 | 19 801 | 204 48 1,730 8| Lo| 1.5{3060|415] 722 | 73| 208
537 | 237 |18 865 | 205 44 [1650 | 13| 5| Lo|2920]397| 666 | 74| 229
531 21 | 16 869 | 205 451640 | 13| ‘5| L.o|2900]304] e42| 75| 230
475 | 199 | 14 781 | 210 44 (420 | 13| .5| Lo|2880 {351 | 554| 75| 231
425 | 185 |13 706 | 207 44 [1,300 1.0 2,350 | 3.20 | 515| 75| 232
412 | 15|12 692 | 207 421,260 |.____ N 2,280 [ 3.10 | 486 | 76| 233
470 | 204 |17 754 | 202 43 Ta20 [T L5 .6 | 2540 | 345 | 579 | 74| 234
430 | 184 |17 7680 | 208 44 (1300 | 10| (5] 15p23s0|3.24| 529! 71| 235
301 168 | 16 962 | 209 43 (1160 | 10| .51 L2{v2160|294| 486 | 71| 236
433 | 189 |14 712 | 210 41 (1320 |-l I 2,380 | 3.24 | 520 | 75| 237
439 194 | 16 708 | 208 40 [1)330 |Z2270 1o .2 2,390 | 3.25 | 550 | 74| 238
301 170 | 13 633 | 208 43 {1,160 o| .5| .4|2120|288| 4718 74| 239
305 170 | 13 624 | 206 40 (115 | Lo Lo| .6|2100|286| 478 74| 240
855 7.0 |9,330 (1) 211
193 | 402 |17 36| 34 (1,027 38 |.___.. 1,537 | 2.00 {1,073 | 7| 242
87.0 | 133 | % 26| 205 | 209| 80 14| 20| .0| b596| .8 | 439 11| 243
11 165 | 43 28| 40 | 65| 10| 41| 50| 5| 840 |11a| s89| o 244
110 202 b1 T (R ISR ORI R JS | 245
56.0 | 4216 58 | 255 20| 36 | 20| 1.0} .2| sw0] .42| 1| 42| 26
58.2| 3413 80| 257 26| 46 | 36| .5| .5|13vs| .51| 138 66| 247
52.6 | 35|14 63| 247 19 37 | 24| 14| 5|13a1| 46| 15| 49| 248
48.0| 40|16 44| 241 15| 31| 20| .8] .5| 268 166 | 37 | 249
50.3 | 40|16 51| 248 18| 32 | 20| 15| .5| 285 .30| 166 40| 250
5.1 40|16 53| 251 18| 3 | 20 .5| .5| 280| .30| 166 41| 251
50.8 16 49 | 9251 17| 33 | 1e{ .3| 5| 280| .38| 166 | 39| 252
52.6| 3915 58 | 254 18] 36 [ 24] 13| 5| 204 . 159 | 44| 283
4 | 16 55 | 257 17| 37 | 20| 2| 5| 294| .40| 166 | 42 254
57.2| 40|15 63| 261 19| 42 | 24| .3| 3] 310| .42| 162| 46| 255
5471 40115 60 | 261 18| 39 | 20| .3] .3| 303 .41 162| 45| 256
5211 43117 48 | 254 16| 36 | 20| .2| .3| 287| .30] 178| 37| 257
56.3] 4014 w65 | 260 20| 42 | 24| 2| 1|4383| (48| 158| 46| 258
54.6 | 39|14 1566 | 260 19| 41 | 24 2| 1|3s2| .48 | 155 46| 250
54.6 | 40|15 61| 262 19| 42 2 306 | .42 | 162| 45| 260
55.1| 40|14 62| 260 20| 4 | .2 305 | .41 | 158 | 46| 261
56.4 | 4014 6 | 260 20| 43 |7227| 1|73 3] (43| 188 48| 262
56.6 | 3014 67 260 21| 42 | 241 2| 3| 214 43| 155| 48] 263

9 Includes 35 parts per million potassium (X).

10 Includes 39 parts per million silica (SiO2) and 0.19 Cpart per million iron (Fe).
it Sample contained 4,230 parts per million copper (Cu,

12 Includes 48 parts per million silica (Si03) and 0.04 part per million iron (Fe).
13 Tncludes 3.2 parts per million potassium (X).

 Includes 41 parts per million silica (8i03) and 0.07 part per million iron (Fe).
15 Includes 3.0 parts per million potassium (X).

18 Includes 42 parts per million silica (SiO1) and 0.06 part per million iron (Fe.)
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Chemical character of waters of San Simon Creek as

Specif-
g Mean 0(‘)(131 c Mag- | Sodium | g;
dis- | sili- al- " Bicar-
a Date sampled charge %‘;‘é& ca g‘?g sium sgfl'n ?;’sgiﬁfﬁ bonate
3 (second-t (g 19 (8i03) (C8) | (Mp) |(Nat+K)| (HCOD
@ feet) at 25°
< C.) 1 )
264 122 2] 0.14 481 12 189 228
266 114 38 11 501 10 175 227
266 107 36 .21 40 8.3 180 200
267 119 34 .05 43 10 201 215
268 147 39 .24 56| 10 249 256
269 81.3 28 16 20 3.6 153 133
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shown by analyses of Gila River at Safford, Ariz.!

85

[Analyses in parts per million]
; Hardness
s Dissolved solids as CaCOs
= Dat led fote | S| e | orage | rage cont
ate samp! ate | ride | ride | trate | rai | gend
2 (80 | (©D | (¥) |(NO) | (BO | Forts | TS | pions pivall Rt
E mil- |acre- :r Total | pon.
g lon | foot | 48¥ ate
264 | July 15-16, 1942 ... 105 198 | 1.6 1.0 689 | 0.94 22 170 [1} 71
265 | Aug. 1, S, 110 172 1.2 2.0 670 | .91 { 351 166 0 70
266 | Aug. 1-6, 10, 1943 _____ 130 | 154 | 1.9 50 1.8 654 | .89 | 688 134 0 75
267 | Aug. 15-20 149 | 170} 1.5 5.0 .8 79| .98 | 580 148 [} 74
268 | Aug. 8, 9, 1944_ 174 230| 1.3 3.0 2.0 880 | 1.21 | 108 181 0 75
269 | Aug. 16-19 127 100 | 1.7 4.9 1.4 603 | .68 |2,320 65 0‘ 82

1 Flow in the Gila River at the time these samples were taken was 75 to 95 percent from San Simon Creek,
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Chemical character of ground waters in the drainage

i(’ig%d ™
An- Depth| {88 | Tem- |
alysis Source Location Date sampled |of well 18215 Ii)grrz-
No. (feet) | nin. (°F.)
ute)
T.148., R.32E.:
270 | Robert Page stock well. __._____ TSE}/NWV se]g 30.....| Dec. 9,1940 560 |—ccoe- 78
158 H
271 | Domesticwell.._________________ Sec. 27____.. Apr. 5,1941
272 | Well at dam site__ SEY{ sec. 27. --d
273 | San Simon Cienaga_ .. .. ______|.—--_ do- .- do.
274 | dy Sept. 15 BT O I R
275 | Pat Neil unused well__________ 8B sec, 10___.._____ May 11841 .| ______ 75
276 | E. A. Olsen stock well. ____ NW4NWY see. 19.

N ovd 20 1940 80

277 |“Thomas Nelson stock well_ N E%SW% sec. 19__

278 | J. K. Burch irrigation well NEMSEY sec. 20 81
279 | John M. Cameron domestic well.| NE{NWI{ sec. 28_ 82
280 | C. A. Metzger stock well . __ SEY{SWi{ sec. 28 .____ do 79
281 | R. 8. Andrews domestic well..._| SW1{ sec. 30_- Apr. 29,1941 84
282 Dolmmestic well, San Simon tow SWI/8Wi{ sec. 30 .. __[-—mun do..._._.| 850 | ... 82
site.
283 | San Simon grade school well..__| SW2{ sec. 30_. May 3,1941
284 | Mrs. L. Sullivan unused well____|-.-__do.._.__.__ Dec. 1,1940

285 | A. A. Waldie irrigation well. _
286 | A. A. Waldie domestic well_
287 | J. E. Davis stock well______ -
288 | J. E. Davis irrigation well.______
289 | Mrs. Flossy Buchannan domestic

May 1,1941
do

well.

290 | A. R. Herrell domesticwell.____| SE}{sec.33 ... |- do-_..._.
291 | Ed Centner domestic well.__.__ 2. - S M do- ...
292 | Phil Ebsen domestic well_. Apr. 30 1941

203 | J. L. Schad domestic well_______|-—--_.do.-_..coo|-e.dO__.____
294 | Charles Record domestic well Apr. 29 1941

295 | Harrington irrigation well.______ Apr. 30,1941

296 | Stella E. Ebsen irrigation well_._| SWYNEL{sec. 4. . [-—-_. do_

297 | Ceorge Ebsen irrigation well .. __ Apr. 29,1941

298 | Mr. L. Sullivan domestic well. __ Apr. 30,1941

299 | John Riggs unused well.._______ Dec. 11,1940

300 | J. R. Summerville stock well__._._| N EyNE / sec. 10_ Apr;1 30, 1941

301 | 1. L. Fulcher irrigation well_____ SW1/sec. 10 oo |eceo
302 | Davis McDonald domestic well_.| SWNE/ sec. May
303 | Dr. Scott stock well_____________ NW1 sec. 10__ -| May
304 | A. B. Hulsey irrigation well._ SW1{ sec. 14. Dec.
305 | M. H. Barnes irrigation well__ Dec.
306 |___._ do- . Dec. 9, 1940
307 | I. L. Fulcher domestic well_____ May 1, 1941
308 | Harry Birlenbach domestic well.| SE sec. 16.._.___.___|.__. do___..__
309 | Unused well____________________ NW}/NW}/ sec. 17.___| Dec. 11 1940
310 | CCC camp domestic well . ______ SEYNEY sec. 21 .___ May 1, 1941

SWLN W% sec. 22

311 | A. W. Cooper domestic well __
SW%SE& sec. 22.

312 M. Calloway irrigation well__

313 | L. T. Davis unused well. ._ SEYSEl4 sec. 23-
314 Stanley irrigation well _._____ SEl4 sec. 24___
315 | J. L. Freeman domestic welL_-_ SW I{ sec. 25.__

316 | Claytor irrigation wells (com- NWI/NWY sec. 2. May 1,1941

posite of 2).
T.138, R.30E.:
317 | R. l?i Murchison domestic well__ SE}/NW}/ sec. 3-._._| Nov. 19,1940
0.!

318 |._._.do.t o |emeen
319 | T. P. Garrett stock wel SEVNEV sec. 9.
320 |-o_-o A0 e SW}/NW/ sec. 11

W}/NE}/ see. 13
322 | 8. M. Morse stock well_______

323 | T. P. Garrett domestic well_____
324 | Mrs. Lizzie Lewis unused well___

do
326 | Mrs. Lizzie Lewis domestic well. SW}/NE}/ sec. 25
327 | J. R. Hall domestic well__ SEYNEY sec. 25
328 | Wollston domestic well_______
329 | Melvis Smith domestic well
330 | Lawhan stock well_.____._______

Nov. 19, 1940
May 1,1941
Dec. 10,1940
Dec. 11,1940
Nov. 19, 1940

May 21941
do_

Nov. 19,1040

1 After treatment to remove fluoride.
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basin of San Simon Creek, Cochise County, Ariz.
{Analyses in parts per million]

gi%%' Disslqéved
. solids Total
con- Mag- | Sodium ; i " | Per-
duct- | 98 | ne | and po- Bicar- | ipate| Chlo-| Fluo-i Ni hard- | oo | An-
cium | : bonate ride | ride | trate ness alysis
ance | (g | sium | tassium | (praG S (800 | fey | (k) | Now Parts | Tons | "os s0- ¥
(KX Mg) [(Na+K) 2 31 per | per CaCo0,|dium Ly
mil- | acre- | 3
lion | foot
27 153 64| b 1.7 0.8 227 | 0.31 147 28 270
271
272
273
274
389 35 6.1 46 135 81 70| 2.6 __.___ 245 33 112 47 275
43.0 50! 4.8 95 184 651 5 4.6 .5 271 37 32 87 276
39.2| 37 6.6 41 143 72| 6 2.5 2.0 237 32 120 43 277
41.1 50 7.4 32 152 80 | 10 1.0 1.5 257 35 155 31 278
39.2 | 48 10 24 156 66 9 .9 1.0 236 32 161 24 279
42.2 | #4 8.3 38 151 771 11 1.7 2.0 256 67 144 36 280
42.1 70| 4.4 83 142 76 6.0 48} ______ 251 34 36 84 281
42.1 14 4.8 76 135 85| 6.0f 4.4 |-—ce_ao 257 35 55 75 282
40.9 | 14 4.8 73 135 8| 7.0( 1.8 34 55 75 283
94.9 | 30 11 186 174 232 | 89 4.7 642 87 120 77 284
42.51 14 4.4 77 130 881 80| 4.5 260 35 53 76 285
43.1 16 4.4 75 142 80| 70| 45 257 35 58 74 286
41.4 | 50 7.0 32 154 801 8 .8 255 35 154 31 287
41,2 | 50 6.6 34 154 8|9 1.7 256 35 152 33 288
42.3 | 52 7.9 28 150 81 9.0 13 253 34 162 27 289
42.1 50 8.7 32 155 81 9.0} 20 259 .36 161 30 200
38.9( 28 7.0 48 138 69| 6.0 3.4 229 .31 99 51 291
41.8 [ 50 8.7 33 148 9| 9.0| 1.6 265 36 161 31 202
42.4 1 53 9.2 31 152 921 9.0 1.8 271 37 170 28 203
43.1 44 7.4 42 150 86| 9.0 2.3 265 36 140 39 294
41.4 | 48 8.7 31 150 82| 70| L8 252 34 156 30 295
38.3 | 32 8.3 38 133 68 7.0 28 222 30 114 42 296
40.9 | 4 8.3 34 148 81 7.0 1.3 249 .34 14 34 297
36.7| 22 4.8 58 127 72| 7.0 4.8 232 .32 75 63
34.9 ] 13 3.5 68 140 43 7 9.2 214 29 47 76 299
42.0 { 52 9.2 27 153 81 90| 1.6 255 .35 168 26 300
38.8 | 33 7.0 44 135 7| 9.0 2.0 238 .32 111 47 301
42.3 54 9.2 22 148 77 | 11 1.4 248 34 173 22 302
36.6 | 18 4.8 60 124 72 50| 4.1 225 31 65 67 303
41.9 | 54 6.6 29 159 74 10 1.0 254 35 162 28 304
40.8 | 52 7.4 29 155 71 9 .8 253 34 160 28 305
39.7 | 50 6.1 30 153 71| 8 .9 242 33 150 30 306
39.81 38 10 35 141 75 70| 3.6 238 32 136 36 307
42,3 | 22 5.2 71 139 98] 50| 3.2 272 37 76 67 308
35.5 11 3.1 69 130 56 5 6.1 216 29 40 79 309
39.5 1 26 7.9 49 140 72| 6.0 2.5 232 32 97 53 310
42,3 | 42 8.3 39 155 82| 50| 1.6 254 35 139 38 311
43.9 | 50 9.6 31 153 88| 70| 1.2 263 36 164 29 312
41.0 | 52 7.9 27 158 751 6 1.4 248 34 162 26 313
40.5 | 46 7.9 32 148 79 50| 2.4 245 33 147 32 314
41.5 | 54 7.9 27 154 791 8 1.7 256 36 167 26 315
43.4 | 52 7.4 36 150 84118 1.4 273 37 160 33 316
51.0 45 6.6 114 136 94 117 20 1.0 324 .44 38 87 317
64.7| 16 12 114 149 146 | 35 5.2 oo 401 .55 89 74 318
46.5 3.0 3.9 105 127 86 | 14 14 .5 289 39 23 91 319
4.2 45 4.4 97 170 58 | 8 11 1.5 268 36 29 88 320
39.0 40| 52 87 151 66| 7 6.2 1.0 250 34 31 86 321
43.8 85| 4.8 88 147 781 90| 7.0 foees 267 .36 41 82 322
49.1 6.0 5.2 100 164 71110 12 feeonoo 285 .39 36 86 323
64.2 40| 6.1 161 279 43 7 38 2.5 400 .54 35 91 324
66. 0 5.65) 4.4 157 340 42| 10 32 e . 389 .53 32 91 325
41.4 8.0 | 4.4 84 128 86 | 9 4.7 1.4 260 35 38 83 326
39.8 9.0 3.5 81 125 81 9.0 6.4 _____ 249 .34 37 83 327
142 92 4 201 266 385 | 93 5.2 2.7 934 | 1.27 328 57 328
106 64 12 145 276 188 | 56 6.0 9.1 616 .84 209 60 329
58.9 40| 6.6 128 239 80 | 13 6.8 .2 355 .48 37 88 330
38.7| 11 3.9 68 102 62 | 28 1.5 |- 224 30 43 77 331
34.6 | 14 5.2 58 133 45 | 15 P B - 205 28 56 69 332
55.8 201 4.8 128 248 67 | 11 55 2 340 46 25 92 333
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